Engineering Physics

resolved if the central maxima of diffraction pattern of one
coincide with the 1st secondary minima of other and vice-
versa

1

Resolution limit

The Resolving Power of A Diffraction Grating is

an @, A nWw

N R=a=nN=(a+h)

n= order of spectrum; (a + b) = grating element,

N= number of ruled lines on grating surface,

W= width of ruled surface of grating,

A= mean value of twg spectral lines,

di= wavelength difference of two spectral line,
minimum difference at which lines are scan
just at separate.

Resolving power o

Bragg's Law

2dsin ¢ =nA

d= interplanar spacing,

A= wavelength of x-rays

n= order of spectrum of x-rays
Just ¢=glancing angle of incident x-ray.

EARS QUESTIONS

STy .

We know that the direction of principal maxima in plane
’ diffraction grating spectrum is given by )
— (e +d)sin 6 = nA = (1)
dge where n is order of the maximum,
018/ Also, the direction of minima in a single slit pattern is
== | givenby
s of € sin@ = mA m=1,23.. e (2)
the If both the conditions (equation | and 2) are
e simultaneously satisfied, particular maximum of order n will
pos be missing or absent in the grating spectrum. These are known

as missing order spectrum or absent spectra.

-'_; Dividing eq. (1) by eq. (2) we get _

e+d n .
18y o W - (3)
= The above equation (3) is the condition for the spectrum
f;,e of the order n to be missing or absent.
the

- | Pro ate Law of Malus.? [R.T.U. 2018}
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Sol. Malus’s law : It states that the intensity of polarised
iigﬁl transmitted through the analyser varies as a square of
cosine of the angle between the plane of transmission of
analyser and polariser.

| o cos?O: 1 = I, cos’®.

Prob.4 On what factors does the dispersive power of a
grating depend? [R.T.U. 2017}

(&3)

Prob.7 What is light?

Sol. Light is an electromagnetic radiation refers to the visible
region of the electromagnetic spectrum corresponding to
wavelength range from 4000A - 8000A. A charged particle
can radiate electromagnetic radiation only if it is undergoing
accelerated motion.

Sol. Dispersive power of a grating
de 1
& Jrasrp) _a2
{n)
Hence dispersive power of a grating depends on grating
element (a+b), order of spectrum (n) and the wavelength of

light (A).

Prob.5 What is the optic axis and the principle section of
a crystal? [R.T.U. 2017/
[s=== = ==
Sol. The calcite and quartz crystals, has an important
characteristic i.e. there is only one direction through the

crystal along which no double refraction takes place. This
particular direction is called optic axis.

A plane containing the optic axis and | 1o the face
of the crystal is called the principal plane or principal
section for that face.

e

Pro:.ﬁi glass lens p = 1.45 is coated with MgF; film

having dielectric constant 1.38 to increase the
transmission of normally incident yellow light A= 5800 A.
Calculate the minimum thickness of the film that should
be deposited on the lens. :

Sol. Minimum thickness of film s given by

_
‘Ihll'l— 4“1_
Given : A=5800A=5800x10"'""p,
K= 1.38
_ 5800x107"° A
L iAo 1050.7 A,

Prol Q tate the principle of superposition.

Sol. Whenever two or more waves superimpose (meet), the
instantaneous total displacement at any point is equal to the
vector sum of the individual displacements of wave at that

point.

Prlmr is the function of compensating plate in

michelson interferometer?

Sol. The reflected beam moving towards M, crosses the beam
splitter plate P, (in medium) twice before interfering, while
the transmitted beam doesn’t pass even once in the absence
of plate P, that lies totally in air. Hence due to this, an extra
optical path 2(u ~ 1) t (air) is introduced in the reflected
beam. (Here ¢ is the thickness of the plate and p is the
refractive index of the material). This path difference is
compensated by using a compensating plate P, in the path of

‘the transmitted beam.

ProE.l() ;n michelson interferometer 200 fringes cross
the field of view when the movable mirror is displayed
through 0.05896 mm. Calculate the wavelength of the

monochromatic light used.

Sol. In Michelson Interferometer

_2x
N
Given x=0.05893mm =0.05893x10 ' m
and N =200

2%0.05896x 1071
200

A=

= L =5896x10"""m=5896A
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Prob.11 Define the dispersive power of a grating.

Sol. Dispersive power of a grating 18 defined as the rate of

change ufangle uf diffraction comresponding to the wavelength
of light.”

I the wavelength changes from 4 1o 4 + d) and the
corresponding change in angle of diffraction is from 0 10 0+« 36
a0

then the rate a

P known of dispersive power of grating

P EH—W What do you understand by reselving power of a

microScope?

I e

Sol. The resolving power of a microscape s defined as the
reciprocal of the smallest separation at which 1wo obyects
can be seen just as separate The resolving power of a
microscope is a function of the wavelength of light used and
the numerical aperture (NA), which is characteristic of the
lens system and the medium between the lens and the
specimen. -

a_la, (a) Draw labeled diagram of a Michelson’s
Laierferometer. How shall we use it 1o measure
wavelength of a monochromatic source of light? Explain
the role of compensating glass plate in Michelson’s
Interferometer.

(b) In Michelson's Interferometer the reading of a pair
of maximum distinctness were found to be 0.6989 mm
and 0.9334 mm. If mean wavelength of the doublet used
is 5893 A, find the difference between wavelengths of
components. [R.T.U. 2018}

Sol.(a) Working of a Michelson’s Interferometer :
Michelson designed an instrument for the measurement of
wavelength of sodium light, thickness of thin film and for many
applications. This instrument is based on principle of
interference of light known as Michelson's Interferometer.

Convex Lens, L

[

Monochronatic
sowrce of hight

Beam sphitter
Compensating plate

Telescope
Fig. 1 : Michelson’s Interferometer
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It s based le of inerferen light by the

hivison of amplinde Aecording 1o this the e ident

wiay
bearm 15 divided mto two parts andd sent into two pe ___t,__:_: ular
direction and brought back together by using plane mirror o

mierfere each other A schematic diagram of Michelson's
Interferometer s shown in fig |

Construction : It consists of two highly polished plane
murror M and M, with two optically plane glass plate G, and
G, which are of same material and same thickness. The mirror
M, and M, are adjusted in such a way that they are mutually
perpendicular to each other. The plate G, and G, are exactly
paraliel to each other and placed at 45° 1o mirror M, and M,

Plate G, is half silvered from its back while G, is plane and
act as compensating plate. Plate G, is known as beam-splitter plate

The mirror M, with screw on its back can slightly tilted
about vertical and horizontal direction to make it exactly
perpendicular to mirror M,. The mirror M, can be moved
forward or backward with the help of micrometer screw and
this movement can be measured very accurately.

Working : Light from a broad source is made parallel
by using a convex lens L. Light from lens L is made to fall on
glass plate G| which is half silver polished from its back. This
plate divide the incident beam into two light rays by the partial
reflection and partial transmission, known as Beam splitter
plate. The reflected ray travels towards mirror M, and
transmitted ray towards mirror M. These rays after reflection
from their respective mirrors meet again at ‘O’ and superpose
1o each other to produce interference fringes. This fringe
pattern is observed by using teléscope.

Functioning of Compensating Plate : In absence of
plate G, the reflected ray passes the plate G, twice, whereas
the transmitted ray does not passes even once. Therefore,
the optical path of the two rays are not equal. To equalize this
path the plate G, which is exactly same as the plate G,
introduced in path of the ray proceeding towards mirror M,
that is why this plate is called compensating plate because it
compensate the additional path difference.

Formation of Circular Fringes : The shape of fringes
in M.1. depends on inclination of mirror M, and M,.

Circular fringes are produced with monochromatic light,
if the mirror M, and M, are perfectly perpendicular lo each
other. In this position an image of mirror M, M,' is formed
due to half silvered polished plate G, just below the mirror
M,. The virtual image of mirror M, and the mirror M, must
be parallel. Therefore, it is assumed that an imaginary air film
is formed in between mirror M, and virtual image mirror M.

The interference pattern can be considered as the rays
of light reflected, from the surface of mirror M, (real) and
mirror M, (virtual). Therefore, the interference pattern will

be obtained due to imaginary air film enclosed between M,
and M',.

wring Physl

Virtual asr film

M, Real mimw)

= M{vertual)

Fig.2
From fig.2 if the distance M, and M’, 1s *d’, the distance
between 8, and §', will be 2d.

Where, 5, = Image of S due 10 M’
S') = Image of S due to M,
The path difference between the two beam will be
5'k
55, o r,n.;__ L[S, Sy =2d)
Therefore. the rays for which path difference
2d cos 0 = n A will produce maxima.

These circular fringes which are due to interference with
aphase difference determined by the inclination *0" are known
as fringes of equal inclination

Circular fringes can be seen by telescope because they
are formed at infinity because they are formed due to two
parallel interfering rays. When d becomes zero, the whole
pattern becomes dark. Since a circular fringe is formed at the
same inclination so they are called fringe of equal inclination
and also called Haidinger’s fringes.

Determination of the Difference in Wavelength of D,

and D, Lines of Sodium Light by Michelson
Interferometer

A=2dcos®

For the measurement of difference in wavelength of
two closely spaced sodium lines D, and D, firstly the M, is
adjusted for circular fringes. For this purpose mirror M, and
M, are made exactly perpendicular to each other and are
equidistant from the beam splitter P,. As we know that there
are two spectral lines of sodium light D, and D, and they are
very close to each other and the difference in their wavelength
is the order of 6A.

Suppose the wavelength of D, line is A, and the
wavelength of D, line is &, Each spectral line will give rise
to its own fringe pattern in Michelson Interferometer. By
adjusting the position of the mirror M, of the Michelson
Interferometer, a position is found where the fringes are very
bright. In this position, the bright fringe due to D, line coincides
with the bright fringe due to D, line. When the mirror M, is
moved, the two sets of fringes get out of step because their

wavelengths are different.

{ PS5 )
When the mirror M, has been moved through a certain
distance, the bright fringe due to wavelength A, coincide with
dark fringe due to wavelength 2, and no fringes will be seen
this case. On further moving mirror M, a position 1s found
when a bright fringe of wavelength 4., falls on the bright fringe
of the wavelength A, and the fringes are again distinct. This
15 only possible when the n'™ order of the longer wavelength
comcides with the (n+1) " order of the shorter wavelength
Let n and my be the changes in the order at the centre
of the fields when the mirror M, is moved through a distance

d between two successive positions of maximum distinctness
of the fringes

d =nd, =mh, 1)
IT A, is greater than A, (&, > &,)
n=n +]
Therefore
2d =nphy =(ny + iy wisld)
k= 0n + 1k,
ik =hy) =4,
*y
"= wjt'y.u ; Huv
Putting the value of n, in equation (1), we get
Eukﬁ.
Ay =y
Ay
Nkg=<l=t 3R
22
Ay =d, == A4
1Tha=s 4)
Taking ., as the mean of X, and A,
L .
N o )

Hence the difference in wavelength ( Ay —ky)canbe
calculated in terms of wave number,
e —
Since % : R

1
vy -y =—
T ...(6)
This equation represents the difference in the wave
numbers of the two spectral lines.
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2 =ni m
adding A on both sides
d+ i =nr+2

{2)
From equation (2) it is seen that when +

thenn = (n+ 1)

In other words,

R .k
alueof d—d- =

H

when murror M, is moved by a distance
5 one fringe is shified in view of telescope T

" Now mirror M, is moved and number of fringes shifted
in telescope is counted.

Let on moving mirror M, through x distance the number
of fringes shifted is n.

5 . A , .
On moving mirror by 5 number of fringe shift = |
On moving mirror by x distance number of fringe shifi
1 ) 2x y _ 2%
:lr,nk.zl.“:fli

A n ﬂ
If we know n and x, we can find . &lﬂ

Sol.(b) In Michelson’s interferometer \

Given

A =5893A =5893%10"m
x=09334-0.6989=0.2343 mm=0.2343x10"m

(5.893x1077)
¥ ax02343x107
=74108x10""m

=7.4108 A

in Rayleigh’s criterion of Rua.?:.aa.. What
nt by resolving power of a grating? Uﬁnz.“« “.E

? i r of grating & om what factor
gﬁ‘xu-”\n\ohhﬂiigxd e [R.T.U. 2018

OR

Explain Rayleighs criterion of just resolution of

.....: Speciral lines of equal intensities giving switable
intensity distribution curvey. Show how the resolving power
of a plane transmission grating depends on:
(i) Number of ruled lines

(3} Width of ruled space
OR

s criterion of just resolution of
4 . qual intensities giving suitable
intensity distribution curves, Show how the resolving power
of a plane transmissi,

. on grating depends on:
() Number of ruled lines

i) Width of ruled surfaces (space)
Deduce suitable formula in support of your answer.
[R.T.U. 2010, Raj. Univ, 2005]

[R.T.U. Jan. 2016]

Explain Rayleig
Mwo spectral lines of e

OR

What do you understand by ‘resolution’? Explain.

Whar is meant by resolving power of a grating? Deduce

an expression for the same, and discuss its dependence

on various constant of grating. [Raj. Univ. 2002f
OR

Explain Rayleigh criterion for resolution and apply

it to distinguish between the resolving power and

dispersive power of a diffraction grating.  [RT.U. 2009]

Sol. Resolving Power : The resolving power of an optical

instrument (like human eye or a telescope) is its ability to
separate far-away objects that are close togethgr into individual
images, as opposed to a single merged image. If we look at
two stars in the sky, separated by a large enough angle one
can say very easily that they are two stars by looking at them
through a telescope. The telescope resolves these two stars
into separate objects while oureye cannot resolve them and
they look like one star to us, this is all because of diffraction.
Similarly if we look at the headlights of a car as it backs away
from us 10 a far distance when the car is close, it is easy to
distinguish two separate headlights. But as it gets m._:_s:s.ﬁ.w_
it's harder to resolve the two headlights. Finally, thefe is a
certain point when the car gets even furthgr away, :E we
can not distinguish the two headlights clearly. This jn_s__q to
resolve two closely spaced objects is due to diffraction. Thus
to see two close objects just as separate is the resolution. In
microscopes and telescopes the moo:.nin.___ _.ucm...zonm of two
near by point objects is resolved, which is r.:o.ﬁ_.nm
geometrical resolution.” Whereas in case o*‘.n__m.son:c:
grating we resolve two near by spectral lines which are very
close to each other this is known as spectral resolution.

The resolving power of an instrument is the ability of an
optical instrument to distinguish (or resolve) two closely spaced
objects. >

(Eineeig Pr)—

(a) Resolving Power of the Telescope : The resolving
power of telescope is defined as the minimum angle between
two objects of equal magnitude (intensi

ty) to see them just as
separate. .e. the <-uallest angular separation that can be
unambiguous!, distinguished is called the resolving power of

the telzcope and is proportional 1o the ratio of the wavelength
of ight being observed to the diameter of the telescope. Thus,
the larger the diameter, the smaller the minimum angular
separation and the higher the resoly Ing power

(b) Resolving Power of a Microscope : The resolving
power of a microscope is defined as the smallest separation
-at which two separate objects can be distinguished (or
resolved). The resolving power of a microscope is a function
of the wavelength of light used and the Numerical Apeérture
(NA), which 1s characteristic of the lens system and the
medium between the lens and the specimen.

Rayleigh Criterion of Resolution : In order 1o express
the resolving power of an optical instrument Lord Rayleigh
proposed a universal critérion known as Rayleigh's criterion
of resolution. This criterion is the generally accepted criterion
for the minimum resolvable detail. According to Rayleigh
two nearby point source images are said to be just
resolved if the position of the central maxima of one
point source coincides (overlaps) with the minimum of
another point source. It is possible to resolve the two objects
as long as the central maxima of the two diffraction patterns

do not overlap. If the two central maxima overlap the two
objects look like one.

Let P and Q be the principal (central) maxima, of
diffraction pattern of two spectral lines of wavelength say A
and A + di. If the difference in the angle of diffracuon is
quite large then two maxima can be seen distinctly and both
the spectral lines will appear well resolved. As shown in fig.(a)

~ @ @
\

Wl resoived Just resohed
(@) )
Fig. 1

Now if the difference in wavelength of spectral lines
decreases both the spectral lines gets closer, A situation comes
when the positions of principal maxima of spectral line of
wavelength A coincides (overlap) with the position of spectral
line of wavelength A+dA or vice-versa. Then the resultant
intensity of both diffraction patterns will only be observed.
This is known as condition of just-resolution. The resultant

—{ EP.7
g.(b) Adipinthe intensity curve
middle of central maxima of P and central maxima of Q
is found, where the Intensity is approximately 20% less than
that of any intensity peak individually. This position of spectral
lines where the ntensity in the middle is B0% approximately
of any spectral lines is known as condition

of just resalution
for spectral lines, also known as spectral resolution

intensity curve is shown in fi
in the

Now if the difference in wavelength di 1s decreases
then the diffraction pattern of both the spectral lines collapse
to each other and resultant Intensity curves show that there is
only one maxima. Hence in result we are not able taresolved
these spectral lines. As shown in Fig.(c).

Formula for the Resolving Power of Grating :

The resclving power of a grating is defined as its ability

to show two spectral lines of very close wavelengths as
separate.

Itis measured in terms of the ratio %/ da. & is wavelength
ofa spectral line and d 1s the difference in wavelength berween
this line and a neighboring line which is just resolved.

ERE R

b
= grating surface

Fig.2
Consider a beam of light consisting of wavelengths i
and & + dA, is incident normally on a grating surface

Let 8, and 8, + db, is the direction of principal maxima
of wavelength & and A + d2, then

(a+b)sin®, =nk {3
(a+b)sin (8, + d8)=n (r + dk) 2)
Let the 0™ principal maxima of wavelength 4 is formed
atP),if 1™ minima of this wavelength is formed in the direction
(8, + dB,) i.e. at point Q,, then according to Rayleigh's

criterion the spectral line of wavelength A and & + di will
resolves.

Condition of 1® minima of wavelength X in direction
8,+d0)ie 8t Q,,

N (a+b)sin (8, +dB) =mk A3)
For minimum = nN = | ()

"N = total number of ruled lines on grating

N(a+b)sin(8, +d)=(nN+ 0
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taN « 1)
(a=bismif, ~d8 )= L.-..i.‘..:.r i5)

Using (2) and (£}, we have

_.:.h ak « ndi .I‘.S>

= ali «di ). nh

N R "N
Resohvmg Power = wdl = aN (6)
Resolving Power = Order of spectrum = Total number
of Rulings on grating

I. Depeadence va Number of ruled line
From Egquation (5) ot is clear that RP. s directly
‘iiﬁaﬁ.&ﬂ&?i:aﬂ: It iInCreases
with increase in number ol ruled Imes

2. Depeadence on width or ruled surface

(a~biymé = ni

N(a +b)smB wmd
R=nN" (a+bjsmB = = —
n= -

i

A

N (s~ b) =w (Total width of ruled surface)

&P of 2 grarmg would not be affected if the cumber of

fmes N @ a ven width of ruled surface 1 changed

P

..l.Qr is X-ray diffraction? Deduce Bragg's Law
diffraction of X-ray in a crystal, Tiow Bragg s
spectrometer is used to determine the wavelength of
monochromatic X-rays. JR.T.L. 2018

Seol. Diffractica of X-rays :

The diffraction of waves occurs when wavelength of
maves hagpen 1o be comparable 1o the size of diffracting
clemen: Visiie ight bas waveicngths ranging from 4 = 107
=l (& mand w0 4 can easily be diffracied by diffraction
Fung wveg few Bowsand hnes with 3 gratmg eiement ( siit
wadth; of same order 23 wavelengh of visible hght X-ravs
T A0 CHETITTmAERETC WaVes Dut thewr waveiength 1 quite
smail i=! 4) Obwicesly. 4 s extresaety difficult o make siats
witath are narrow enough for the stady of X-ra diffraction
Smce mermoma spacg = a orvstal 1s of the same order as
wavelength of X-r2vs. a crvstal may therefore be used asa
Wree samensional odfrecuon grastug. X-ray methods ac
advamtageoss becawse ibcy are moadesiructive. X-ray
diffraction s very eseful i many apphications such as
(it i1 can be wsed to study crysial structure of an

unknown maierial Thes branch of scacnce is called

{ Engineering irw

(u) It 15 used to measore (he aversge spacing between
lavers or rows of stoms
) It determunes the onentation of a single crystal or

(iv) I measures the size. vhape and usternal stress of

small cry stallne regrons

Bragg's Law : Bragg's law refers to a simple equanion
derived by English physscists Sir W H. Bragg and his son Sir
W.L Bragg m 1913 This equation explains why the faces of
crystals appear w reflect (diffract) X-ray beams at certain
angle of mcidence 8 This observation is an example of X-
ray wave mierference. known as X-ray diffraction (XRD).
Bragg supposed thai the incident waves undergo reflection
at the vanous parallel planes of atoms in the crystal, with
each plane reflecting only a small fraction of the radiation.
The diffracted beams are found only when the reflection from
vanious planes of atoms interfere constructively.

Consider a set of paralle] atomic planes in a crystal
separsied by a distance d known as interplanar spacing.
Seppose an X-ray beam is incident at a glancing angle ©
(fig. 1). It is scattered by the atoms like A and B in random
directions. Constructive interference takes place only between
those scattered waves which are reflected specularly (mirror
like ).

Fig | shows two paralie! rays R, and R, reflected by
two atoms A and B in two adjacent layers. The ray reflected
from atom A goes to R " and from atom B goesto R, Let us
draw two normals AC and AD 10 R, and R_' respectively.
Each of these lines makes an angle 8 with AB whose length
1s equal to the spacing d.

Then the path difference between the two reflected
waves aiong R ' and R can be given as

Path difference = CB-BD A1)
CB
From AACB sin6 = 2B
CB=ABsmnf@=dsin@ (2)

Sumilariy, from AADB  sin@ =

&5

BD=ABsin6=dsinf -(3)

On substituting eguation (2) and (3) in equation (1), we
hre

Path difference =d sin® +dsin®
1=24sin8 o)

). 4
<
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enters to the waizaion chamber thr kﬂ: the sit S The
Sepss A yomizatson chamber 15 filled with /O r methy bromade to
¢ o make 1t compietels absorb ¢ X-ravs The oOnizaion
g . \\\l current s produced 15 meass ..n; > the elecrometer. The
=N x s cngation chamber may also be sepiaced by a photograplis
— plate or a scintllation counter The zianc e angie & 15 vaned

e

gradually by rotating the cry<ial and the wonzation cText 8
measured for cach angle The chamber 15 rotated double the
anghe th

rough which the crystal 1s rotated 10 make the angle

.,|\\ of ncidence equal 1o the angie of reflection

Fig. | : X-ray Diffraction

If this path difference is an integral multiple of
wavelength. then constructrve interference will occur between
the reflected waves R’ and R gving maximum intensity
Hence 2d sin 8 =nl. =123 (5)

Equation 5 is the well known Bragg s equation snd =
the mathematical expression of Bragg's Law

Here d = latice interplaner ~pacing of the crysal

8 = X-ray incidence angle (Bragg angle)
- ) = wavelength of the charactenistic X-rays

It shows that for given value of % and d, only for cerntain
valoe of © (corresponding to n= 1, 2, 3...... ), the reflected
waves add up in phase o give a strong reflecied beam. The
images obtained in these directions are the first, second third
order diffraction images.

The diffracted beam fulfils the geometry of reflection
but only for cenain discrete values of 8 for which Bragg's
law s satisfied.

We know that (sin 6 )__ =1

From equation (5) and (6), we have

ni
wum_ N
Equation (7) 1s known as Bragg condition for X-ray
diffraction, which shows that ). must not be greater than twice
the interplanar spacing otherwise no diffraction will occur.
Bragg's X-Ray Spectrometer : It is an instrument
mvented by Bragg for the purpose of measuring the glancing
angle and to determine the wavelength of an X-ray beam. by
knowing the distance between the atomic planes of the crystal
The use of this spectrometer 15 explained by rotating crystal
method discussed in pext section
Rotating Crystal Method [\ is fixed, 0 is 4..»1..-23
A beam of nearly panaliel X-rays. by the slits S and S,
are directed upon the face of the crystal (rock sah NaCl or
%go.wﬂﬁ!.&g_vng—noﬂﬂﬁgﬂ
shown in fig 2. After reflection from the erystal, the beam

—A6)

Fig I - vanation of Imtensity of lonization Carrest with Glancing
Amgie for NoCl

If a graph is ploned between the intensity of omzation

agamst the glancing angle known as icaization cerve it appears

s shown in fig. 3. The peaks A and B, cormespoad to two
Eﬁﬁi.ﬂﬂ..auﬂ:ﬂd@ﬂg Sumilarty A
B. lﬁ.ﬂwgsmlgl&gﬂ&&ﬁl?
The maximumA A and A_ occur at angles 11.8°,23.5% and
36° respectively. Now sin 11 8° - 5in 235 s 36°= 0204 -
0.40 : 0.63 which 1s nearly 1: 2 3. Thus, the Bragg's law is
satisfied The glancing angle 8 is observed for different orders
of spectra and wavelength A is calculated from the Bragg's
Eggwupgwﬂzﬁgilﬂdw
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Fig. 3
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Prob.4 (a) With scn

P ot ematic diagram, explain the w
cison’s Interferometer. Obtain the
Jor radii of circula o

rinterference fri
y Jringes. How
use to measure wq velength separq
Spaced spectral line?

arking
pression

shall you
tion between wa closed

(b) It is required to make
light of wavelength 6000 A,
bc‘ coated on a glass place
minimum thickness of the

on antireflaction coating for
If a thin film of ;1= 1,25 iy to
of = 1.50, whar will be the
film for normal incidence?
alculate the least width of a grating having 800 liney
er cm to resolve the Sodium D - line

s of wavelength A
= 58904 and A, = 58964, ’

IR.TU. 2017]

Sol.(a) Refer to Long Answer Prob. | (a).

Sol.(b) Minimum thickness of the film for normal incidence;

_h_ 6000A
Lsin 4“}“ 4x1.25
=1200A.

Sol.(c) We know that the number of slits.on the grating =
Width of the total number of lines x number of lines per cm
= x x 800 [Here x is the width]

Given A, = 5890A and A, = 5896A
So d\ = 6A and
A +X, 5890+ 5896
average A= 2 = :
=5893A
A 5893
Then Rp = a = T
=982.17=982
Further R, =nN=982
or 2 x N =982
or N =?g—2 =491
To obtain least width
x x 800 =491
491
25 x =——cm
800
-=> x =0.6137cm.
= x,=0.614cm.

__{ Enginearing l’hylhll)

Proh.A In Bragg's reflection of X - rays,
found at the klancing angle of 10° with lattice planes of
spacing 187 A, If thiy Iy o second order reflection, then
caleulate the wavelength of x-rays, 1] T,l/'. 01y

a reflection way

Sol. According to Bragg's equation
2d st = p )
Here 0 =30 n=2andd=187A
2d win0)

_ 271 87 % ain30°
y, .

|37t|
2

= A =0935A
So the wavelength of x-rays will be 0.935A.

Prob.6(a) How shall you measure the wavelength
separation of two closely spaced spectral lines e.g. D /
and D, lines of Na? Derive the formula used.

(b) Newton’s rings are formed using sodium light,
between plano-convex lines and plane glass plate. What
shall be the order of the ring which has twice the diameter
of 20th dark ring? _

[Note : Read ‘lines’ as ‘lens’.]

(c) Two A/4 thick layers are deposited on an opthalmic
glass (u = 1.52) to reduce reflection loss. The first layer
has refractive index u = 1.38. Find the refractive index
of the material of second layer. [R.T.U. Dec. 2016}

Sol.(a) Measurement of Difference in Wavelength of
Sodium D, and D, Lines : For the measurement of difference
in wavelength of two closely spaced sodium lines firstly the
M, is adjusted for circular fringes.

For this mirror M, and M, should be perpendicular to
each other and optical path G,M, and G,M,’ should be equal.

Let the source have two wavelengths A, and A, (A, > 1),
which are very closed to each other.

Both the wavelength will form their separate frihge
pattern but due to very small difference in wavelength both
the pattern overlaps. :

As the mirror M, is moved slightly the two patterns
separated out and when the path difference is such that th'e
dark fringe A, falls on.the bright rings of A,, the result is
maximum indistinctness. Now if mirror M, is further move, a
condition comes when dark fringe of A, and the dark rings of
A, (bright of A, and 4,) will overlap to each other. The result
is maximum distinctness.

?»m e
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From these relation it is clear that first secondary maxima
on either side of the central maxima have only about 4.5% of the
height of the central maxima i.e. the most of the light is
concentrated in the central maxima. It should be noted here that
all the minima are equally spaced and their intensity is zero.

Sol.(b) Given : A, =589.593 nm
A, =588.999 nm
n=|
N=2?

A+,  589.593+588.999

mean 2 2

=589.296 nm
We know that,

Arcan
AA
Where, A%.= A, - A, = 0.594

A

N= mean

n.AA

=nN

_589.296
T 1x0.594

N =992.08 =992

Prob.11(a) Explain; how does grating forms a spectrum

of compgosite light falling normally on it.
aA diffraction grating used at normal incidence,
gives green light of wavelength A = 5400 A in certain
order coincident with violet line of wavelength A,= 4050 A
in next higher order. If angle of diffraction be 30° how
many lines are there per centimeter width of the grating.
JR.T.U. Dec. 2016/

Sol.(a) Formation of spectra with grating:

When a beam of light of wavelength 2, falls normally on
a plane Transmission Grating the principle maxima formed in
the direction of angle '8', are given by grating equation

(a+b)sin®=ni, wheren=0,1,2,...

Here (a + b) = grating element having constant value
for a given grating

= angle of diffraction.

n = order of spectrum

2 = wavelength of light

@ineerlng Physics }

From the above equation it is clear that for a given order
of spectrum the angle of diffraction 0 varies with wavelength
Greater the angle of diffraction greater the wavelength (i e )
I Kioa)- B0, O, > 0

violet Violet”

Hence if the incident light is white then each order will
contain principle maxima of different (colour) wavelength in
different direction. The Principle maxima of all the wavelength
(colour) corresponding to zero order spectrum for which
(n = 0), will have the same direction 6 = 0° and combined to
each other to form a zero order spectrum on screen. So, the
colour of zero order spectrum will be same as that of incident

light (white).

B=-2 n=-1 =0

1 2
T o 1T - A 1111

-3

NN\ !

ﬂ R
B

incident white
light
Fig.

But'for higher order (i.e. forn=.1,n =2...) the angle of
diffraction 0 is different for each wavelength and found in
different direction and these higher order spectrum is obtained
on both the sides of central principle maxima, whose intensity
is the maxima.

In result we find a central bright fringe of white colour
for (n=0) and in other order (n= 1, 2, ...) the violet colour is
found in inner most position whereas red colour is in outermost
position since (6, <6,).

Sol.(b) We know that, (a+ b)sin®=n A

Let n" order maxima of A coincide with (n + 1)™ order

maxima of A,, then

(a+b)sin@=nA and(a+b)sin@=(n+1)A,
From the given condition, the line is coincident.

SmA =(n+1)A,
: ?"1
or n= ll_kz
AL
Now,(a+b)sinB=ni = 7" -
Ko
inO(A, -
No. of lines per cm. = Y
a+b A,

\




From the expression of Iy, |, |, it is apparant that
most of the incident light is concentrated in the principal
maximum

lutensity Distribution Graph : The variation of
intensity with a is shown in fig

| s y

Fig.3 : Intensity I vs a

As shown in the fig. above, the diffraction pattern
comprises of a central principal maxima occuring in the
direction of incident rays. There are secondary maxima of
decreasing intensity found on either sides of it at positions
a = +3n/2, +5n/2, and so on. Between secondary maxima,
there are minima at positions o =, +2m, +3m,.... Itis found
that these secondary maxima do not fall exactly midway
between the two minimum but they are displaced towards
the centre of the pattern. The displacement decreases as the
order of maximum increases.

Prob@ Michelson interferometer experiment is
performied with a source which have two wavelengths

48824 and 4886A. By what distance does the mirror have
1o be moved between two positions of disappearence of fringes?

JR.T.U. 2012]

Sol. Given : A, = 4882A = 4882 x 107'%m
A, =4886A =4886x 107'"m
In Michelson interferometer wavelength difference is
given by-

ey
lz‘llzh
2d
2
do— o
2(A, - 4))
i A +A, 4882+4
Ap = ‘; -2 886 _ 4884

Ay = 4884x107"m
AL=); -1, =4886-4882=4A = 45100
(4884 x107'0)2

d=
2x4x107'°

=0.298mm .

R —

e _ ——  — ___ __ ___ ___J
Prob.19 In a Michelson interferometer, when 100 fringes
were shifted, the final reading of the screw was found to
he 10.735 mm. If the wavelength of the light was
5.92 x 10 "m, what was the initial reading of the screw?

[R.T.U. 2012}

Sol. Given
X,=10.735mm
A =592x10"
m=592x 10" mm
N = 100 fringe
PR

We know that

A _ 2%
N
AN AN
592x107*
= 10.735fx,=——x—12—”0°
10.735 — x,= 0.0296
= x, = 10.735 - 0.0296 = 10.7054 mm

Prob.20(i) The width of a slit is 0.012 mm. Monochromatic
light is incident on it. The angular position of first bright line
is 5.2° Calculate the wavelength of incident light.

hat is difference in Fresnel’s and Fraunhofer
f [R.T.U. 2011]

n?

Sol(i) Given width of slit (a) =0.012 mm =1.2x10"° meter

Angular position of first bright line 68 = 5,2°

= L Radian
180

Wavelength of light =?
The condition for bright is
asin0 =( n +l\ A
\" 7 2)
For first bright n =1

a 4ind =(l+%]1

W



Jasm€ _ la®

“Sance for small values ofangk:nl?

sin® =0 ‘J

> )

2x12=10xS52x3.14
3Ix<i80

A=

A=T257x10" meter
A=T25TA
Sol.(i) When sl widih 15 large compared to wavelength the
diffracton o Lansted 10 boundan only.
Some of the main difference between Fresnel's and
Fraunbofer's class of diffraction are listed below :

-

—{_E!Mgm

-

| |screen are effectively
(infinite) from diffracting
‘element.

Fraunhofer’s diffraction | Fresnel’s diffraction |
| I.| The distance of source and | The source and screen are

at finite distance from
\diffracting element.

2. To achieve = (infinite) distance,
| lens are used.

i No such lens is used.

'3.| The incident and diffracted
i flwave&ont is plane.
i

|

| The incident and
'diffracted wavefront are
| generally spherical or
 cylindrical. '

4.|Itis a limiting case when

| It is a general case.

|

l

| |separation becomes (infinite) :

ps:rme effect of several diffracting | No such addition of effect

__lelements can be added together. |is possible.

6. | Theoretical treatment is much | Theoretical reatment is

. Isimple. complex.

7.| The angular inclinations are Distances are important in
important. this case.

Qoo
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= * +(E - Vixwp(x)) =0

; ) indepe
() Time independent three dimension Schrodinger's
wave equation .

H 3 21 =z
‘ é o
—— — —— ¢ —

2m (| X' &' & X)+Vy(x) = Ey(x)

For free particle V(x)=0
w _\ at a’ 8
2m | A& & &

- \E...;H Ew(x)

Q Physical Significance of Wave Function (y): Wave
?:n:o: 1s a complex quantity, which itself has no physical
significance. But square of its magnitude gives the probability
of finding a particle in a given volume of space at a given time.

Motion of a free particle in 1 dimension box

- 2 . (nn
Wave function y, (x) = /= sin| — |x
a a

a=widthofbox,n=1,2,13, ..

Engineering Physics

Energy cigen value

E. =

“n

- 2ma’
Probability of Finding the Particle in Given Limits
) The probability between the given limit x, and x, is
given as (in one dimension case)

rn

pP= .ﬁ _€A.q...v_...R«

n

O Essential Boungary Conditions for Wave Function
H_.E wave function y should essentially satisfy the

following boundary conditions :

] (i) w must be finite for all values of (x, ¥ ) because

infinite value of y means infinite probability of finding the

particle, which is not true due to the uncertainty principle.
(ii) w must be well behaved means single valued

because multiple value of y will gives multi-probability, which
is not true.

oy
oy oz
continuous and differentiable since derivative of a
discontinuous function is always infinite means infinite value
of y which is incorrect.

(iv) y should follow the superposition principle.

(iii) y and its derivatives must be

PreEvious YEARS QUESTIONS

I. Svort Answer TyYPE QUESTIONS

L
This condition is called normalization condition for the
wave function.

Prop.1 What do you understand by wave function?
[R.T.U. 2017]
OR

What is wave function?

Sol. The varying quantity characterising the matter wave is
denoted by w(x, v, z) at a point i.c. the quantity whose
variation makes up the matter wave is known as wave
function or wave amplitude.

Prob.2 Give the normalization condition for the wave

Sunction.

Sol. If the wave function y,(r.7) 1S multiplied with its

Prob.3 Givethe orthogonalization condition for the wave
Sunction.

Sol. If the wave functiony,,(r,1) is multiplied with other

complex conjugate wa(r.t) and integrate it ‘over whole
volume vanishes i.e.

._. €=_T..J€”_A1.Jb.< =0

Here nzm ) /
Then this condition is called orthogonal condition of
wave function. :

, %
complex comjugate v, * (7, 1) and imtegrate it over the whole Prob.4 An eigen function of an Sqn.._ﬁnwwﬂ is = &
volume is nn:“_ WSy - Find corresponding eigen value.

— W (r Wy " (r)dV =1
-

Engineering Physics

Sol. Given: = M
L \ d?
ct operator = —
p / g2
Ay = _.wum?
sincc y - e
Ay =Py

So, eigen value for operator A is p?

Prob.5 Determine the expectation value of position of a
particle in one dimensional box.

Sol. Eigen function of a particle in 1D box is :
Wy, (x) = gw’mi THW X
a La
. Expectation value of position.of a particle is defined as

<x>= _‘ (X)) x g, (x) d

- e
nxvnﬂnw .—x sin’ FEW ¥ dx
a a

a
. <x>=—.—
a 4
Expectation value of position of a particle in 1D box is

al2.

1l. Lonc Answer QuEsTIO

Y Write down the Schrodinger's time independent
# wave equation for a free particle confined in one-
dimensional box of size a. Obtain eigen values
and normalized wave functions for this particle.

[R.T.U. 2018, 2016, (I Sem.) 2008]

OR

Write down Schrédinger wave equation for a
particle enclosed in one dimensional box of size
'a", Solve it to get eigenvalues and eigenfunctions.

\ JR.T.U. 2015, 2012, Raj.Univ. 2005/

{ EP.27
OR
Solve Schridinger wave equation for u particle
in one-dimensional box. Discuss the various
energy stales. [RTU 20i4)
OR
Solve the Schrodinger wave equation for a particle
trapped to one dimensional box of side a and
obitain its energy eigen values and eigen functions.
JRT.U 2012]
OR
Write down Schridinger's equation for a particie
confined in a one dimensional box. Obtain the
wave function for a particle confined in this box
{RT.L. 2011}

Sol. Particle in One Dimensional Box (1 — D box)

In quantum mechanics a one dimensional box means a
system in which a particle is constraint to move in one direction
in a box of potential V = 0. The limits of the potential function
for the particle is defined as follows:

V(x)=0, O<x<a

V(x)=o, xs0

V(x) =, x20 (n

» Vix)=0

2 2

2 8

- " v

° \,a Inside the box a )

2 E -

g > . >

(=]

x=0 x=2a i

Fig. 1

Suppose a particle of mass m is in motion along the
x—axis (fig.1). Let no other force act on this particle, so that
the potential energy of the particle is constant. For convenience,
the constant potential energy is taken to be zero. The one
dimensional, time independent wave equation under this
condition is given by

2 5
m|,w‘4ﬁ:m\5€uo )
ox h”
whereV(x) = 0, so from equation (2), we have
2
y 2
mlcui ]_”Lmeno 3
ax? La]

Here E = W..r where p, is momentum of the particle
m




C -

2mE

where k=57 )
U\u

or B _,J J .(6)
-m

_ui.vn_.._a:a: of ¢

nergy

For a particular value of the energy E, k is a constant.

The general solution of equation (5) is of the form
w(x) =Asinkx + Beoskx

(D

where A and B are arbitrary constants, The values of

these constants can be obtained by applying the boundary

conditians of the problem.

(DAL x=0,y(x)=0
From this we get 0 =Asink .0 + Bcosk .0

B =0
hence wix) =Asinkx ..(8)
(AL x =aw(x)=0
Now using the second condition, we have
()

w(a)=Asinka =0
We cannot take A = 0, because it can not be solved
Hence equation (9) is explained as follows

ka = nn
nmr
or k =— ...(10)
a
where n=1,213..

Here n should not be zero because if we consider
n = 0 then the energy eigen value vanishes in the I — D box,
since in this case k =0, E = 0.
Hence, the wave functions for the motion of the particle
in the region 0 < x < a are given by

nnx
Yo (x) = Asin—
a

(0 = Asin %
Equation (11) is known as eigen function for a particle
in one dimensional box.
(A)Eigen value of the Wave Function
On substituting the value of k from equation (10) in
equation (6), we get

)

K22 N T I
E 2m a ﬁm:u:L
E = n’h? s=~=u}u _
" 8ma’ 2ma’ o

~ Equation (12) reveals that the lowest energy of the
particle is obtained by puttingn = | in equation (12) and it is
_ b A
8ma’ 2ma’ uell)
This is known as zero point energy of the system.

and E, = n’E,

E,

imensional b
(B) Calculation of Constant T

‘ o2 A (Norm
the Eigen Function) : Since the solutions a-_m_.-m-::... ol
! h

equation are independent of the magnitude
us to choose a value for A in order to

5 € Wave
of A this permits
atisfy any condition we

.
_..)uu:.uEn_.u -
0 a ...(14)
-_ 2
Pu._.l e nrx dx _
22 m =1
‘A 2 5 "
a > nmx
- X ———sin -
ﬁu V ﬁ 2an a M_c i
h?
.?u
. . h?
n=2 E. = 4E nuﬁuinuu
: h?
n=1 Ei= 8ma’ ‘
L

Fig. 2 : Energy level diagram for a particle in 1-D box

JA\
P

‘ELH

2
sl

h:_._u

n=|

_xlc x=n x=0

(a) Wave function for a particle (b) Probability density in 1-D box in

1-D box
Fig. 3

.
.
The secong term of the inge ..llll..m-u.MO
zero at both the 1im s CErated expression becomes On differentiating equation (1) with respect to Lime, we
et
Thus A’a 5 B ( ) ¢ i
. = | aw(x1 - ”.| - “
2 e =| —E |Ae Et X
= | 5E Jrewizl p.x)
15) i) iey(xa
the normali zed wave f at h Wiz
) x.1
B % .;@T )
..(16) %
" 521
m_..ore:d“.__n_r_”-u—ﬁv_.:“n.—_o:-. for the first three values of n are Here H R ER Rt S S Ees e
functi % T evident from fig.3(a) that the wave On differentiating equation (1) with respect to position
unction vy, has two nodes at x = 0 and x = a. It is also clear | x, we get
that the wave function Wy has three nodes at x = 0, ow(xr) _ .H.ﬁlh. v.PnuhT::m__lﬁ.nw_v
A ’ ax L
x MM and X =a, and the wave function W3 has four nodes aw(x.r) i
atx=0,x=2 _2a 'm|.’ HME.GAN.L .t
, X = u.kllul and at x = a. Thus the wave function x
Wn Willhave (n+ 1) nodes. The probability density function. pawixg) = m% = |..:Wt..m.|a i
for ___n.vn:mn_n in one dimensional box are represented as !
shown in fig.3(b). Here |p, — l_._:lml is known as Momentum Operator
? ox
" in x-direction.
/\A@bu&-ﬁ Schridiger’s time dependent equation. On differentiating equation (3) with respect to position
ExplalWi the foliowing : x, we get
() Hamiltonian, 2 i i
" ) wiwc - Tunnm@ﬁ.e?;
(ii) Physical significance of wave function, and ax h h
(iii) Normalized and orthogonal wave functions. E - ﬁ|.c|m,w€ﬁ x,t)
2 2 »
(b) x — rays with A = 14 are scattered from a carbon ox h
block. The scattered radiation is viewed at 90° 1o the 2y (x0) = -A Fy(x1) (5)
incident beam. P ax?
© Wi the Compon i 43 B i
(ii) What kinetic energy is imparted to the recoil electron? Total energy = Kinetic energy + Potential energy
R.T.U. 2017 2
- w. +V .. ﬁmv
m
Sol.(a) (i) Time Dependent Mn_:”_..un:—n.o...u _in: On multiplying by w(x, ) in equation (6) from leR, on
Equation : Let a particle of mass m is moving along x- 1 4,p, (e sides
direction in conservative force field. If the wonn_::__ energy, i
momentum and total energy of the particle is V, p, (along x - Ey(nr) = Zow(xn)+ Vy(xr) (D
direction) and E respectively then the wave function for the ’ 2m . .
moving particle can be given as : Using equation (2) and (5) in equation (7), we get
- L p(xt)  -h? @'y(x,0)
=Aexp— mslﬁnw_ (D ih =— —~ +Vy(x, o3
w(xf) P15 ( s % — w( .(8)
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Equation (8) is known as the Schréodinger one
dimensional (1D) time dependent wave equation

For free particle V = 0 (the potential encrgy is
considered to be zero).

Equation (8) reduces to

f?zM=‘_”:§M]

ar 2m & =)

Equation (9) is known as Schrodinge

r one dimension
(1D) time dependent wave e

quation for free particle.

A free particle is a particle which does not bound by an
external force or in field free space. In quantum mechanics,
it means a region of constant potential, usually taken equal to
zero in the region of interest since potential can be arbitrary
Set to zero at any point in space.

In three dimensional case - on generalizing equation
(8), we get

1 3 2 2
Ao -0 La_ﬁ_) w—
R T o |Vl W)
...(10)
i +-§i+ & & =V 1
Here EE R w1
known as Laplacian operator.
From equation (10) and (11), we have
ih&"—(iﬂ=iv’\u(r‘r)+Vw(r-r) ~.(12)
at 2m

Equation (12) known as the schridinger three
dimensional (3D) time dependent wave equation.

For free particle V = 0, equation (12) reduces 1o

Viy(r.r)

22 W
ot 2m

..(13)

Equation (13) known as schridinger three

dimensional (3D) time dependent wave equation for free
particle.

On rewriting equation (12), we get

{— L vy V}\u(r,l)=ihalu(r'l)
2m ' ot

-.(14)

[ ;
Here the expr:ssion(—z—v' + V] is called
m
Hamiltonian operator (H).

{ Engineering Phylic.nl
[ ey )

H =[__LV' +V |
2m /

From equation (14) and ( 15), we can write

(15)

oy
Hy =ith—
= or

Hy = Ey -..(16)

This equation is called Hamiltonian form of the
schrodinger wave equation.

B
(Since E — ’ha)

(i) Physical Significance of Wave Function W(r,1): As
wave function is a complex quantity, so it has no physical
meaning and can be expressed in form of complex quantity
w(x,y,z,0) = A+iB o )
where A and B are real functions of variable (x, y, z, 1).
The complex conjugate of equation (1) can be given as
V*(x,y,2,0)=A-iB

«(2)
on multiplying equation (1) and (2), we get
= \u{x.y.z,f)w ‘(x,y,z,t}': Al+B?
Pey(x .z, = A2+ B2 ~(3)

P = lw(x,y,z,0) =y(x,y, 2,00 (x,p.2.0)  ...(4)

The product of these two complex quantity, when square

root is eliminated ie. | Wix,y,z,0)| is called the modulus of
waveflux y. The quantity | W(x,y,z2,0)|* is called the
probability density. Maxborn was the first who explain the
wave function as follows- According to him the probability
that the particle will be found in a defined volume element
dV surrounding the particle at position (x, Y. z) at any time ¢
is given by
PdV = \i(x,y,z,0)y *(x,y,z,0)dV
Awxy.z0l dv .5
Thus the probability to find the particle ina defined space

is directly proportional to integral | y(x,n)|?

over the volume
of space.

[f the motion of the particle is in one-dimension, then

Pdx = wixur) w* (x.0)dx = y(x,0) P dx T...(6)
Then the total probabili

ty of finding the particle oyer all
space in 1-D will be

P= I*ql(:r, N dx D)

© unity.

(g P

For general case in 3-D space, we observe

P:j wix.y.z, 0 dv (dV = dedydz) ®

-

This equation must be finite in order to represent a real
particle .
(iii) Normalization Condition :

J" v *wdxdydz = _r wi dxdydz =}

This is called normalization condition. The wave function
which satisfies above equation is said 10 be normalized 10

Orthogonal Wave Function .
Lety and y are two different wave functions then if

Jv v,dV=gor Jva'd\’= Oi=
AR space All space
Then these functions are said to be mutually orthogonal
This is known as orthogonality condition.
Sol.(b) Given : X-ray wavelength ) - A
) Scnncrmgangle 8 =90
(i) Compton shift

Ak =A'-% =0.0243(1 - cosB)A

A% =0.0243(1 - c0s90°) = 0.02434
A=A =0.0243A

A'=h+0.0243 =1+0.0243=1.0243A

(ii) Kinetic energy of recoil electron :

KE =hv—hv'ehefl_1)

\A ')
KE < he(l'- ) _ hc A)
AR B U

_6.6x10M x3x 10" x0.0243x10°"*
= -1
Ix107"" x1.0243x 10"
K.E.=472x10" Joule

-i?
KB =T
1.6x107"

N

rob.3 (@) Obiain an expression for shift in wavelength

=295eV

thi

of scattered photon by Compton scattering and

show thai Compton shift depends only on

scattering angle. Whay is Compion wavelength?

(b) Derive one dimensional time dependent
Schrodinger’s

wave equation and also explain
the physical sig tion.

nificance of wave Sunc
\W



@T—:Tﬂ_mll
M
) 6610 ; (1= cos 90%)
M 10 x3x10
Ak = 0.0242 (1~ o8 907)
A =0 0242A
A= A+ Ak
- 10+ 00242« | 0242A

Prob.9 ¥ind the lowest energy of un electron confined to
L in @ one dimensional box of tength 1A

IRTU. 2012

Sol. We have the relation

: i
= 1
2ma _
I'he lowest energy of (an electron ) the particle obtained
by putting n = 1
The energy is given by
nnt
B =
2ma’
h=10M )8
= A= 10"
m=91~10" kg

G4 x(10°¥)?
T 20110 )10
w0.5411 « 107"
5411710

0.2

' S411x 107"
= 13.78eV

Prob.d0 (i) A particle is moving in one dimensional
potential box (of infinite height) of width 25 A,
Calculate the probability of finding the particle
witlin an interval of SA at the center af the box

when it is in its stare of least energy.

(i) Explain normalized and orthogonal wave

Sunctions, IRTU. 20011)
Sol. (i) The w
ave lunclion of 4 particl
ol a particle enclose i
nfinite potential well 14 given by I R
Wix) e VL \m{ o \1
a g j
When the 1
particle jy s least ene
i nthe least ehergy state n = |, lience

-——-_-_‘_-_-_——_

~—{Snpinoering Phpetcs)

Wix) = JZ sin =
a a

At the centre of the box x - /2 The probability of
finding the particle in the unit interval at the centre of box is

given by
Jz , (n(n/?)J
- sin =
a a

the probability P in the interval Ax is given by

P yi(x)? | Ax = 2 A
a

2
()=

Given:a =25A =25%10"""m
and Ax=5A=5x10"m

2x5x10°"°
Pe—e— =
25x10°"°
Sol. (i) Normalized and Orthogonal Wave Functions :
Refer to Long Answer Prob.2(a)(iii).

ST ————r—————————————ae—
Prob.11 ~ Calculate the smallest possible uncertianity in
position of a electron moving with velocity
3 x 107mvs. JR.T.U. 2010}

Sol. Given v = 3=10" m/sec

Smallest possible uncertainity in electrons position
Ax + AP, = h
Ax m-Av=h

Ax =—
my

6.6x107
o et
9.1x107 %310
Ax=0.24 x 10""’meter = 0.24A

tl

Prob.12 Write short notes on :

(i) Wave Particle Duality
) \Matter Waves
-_———

Sol.(i) Wave Particle Duality : Wave-particle duality is the
concept in quantum mechanics that energy-carrying waves
can also behave like particles and that particles can also display
a wave aspect. Light, for example, demonstrates the wave
phenomena of diffraction and interference but, under other
circumstances, appears to be a stream of tiny particles
called photons. Electrons, on the other hand, which normally

(Ensinerig s )—
behave like particles. can be made to diffract and interfere
as if they consisted of waves. Thus scientists began to
conclude that light has both wave and particle nature

In 1924, a French physicist, Louis de Broglie came up
with a theory. He suggested that all particles in this universe
is associated with wave nature also, i.e. everything in this
world be it a small photon or a giant elephant. everything has
an associated wave with usclf, it is a different matter that the
wave nature is noticeable or not. All matter can exhibit wave-
like behaviour. For example, a beam of electrons can be

diffracted just like a beam of light or a water wave. Matter

waves arc a central part of the theory of quantum mechanics.
an example of wave-particle duality. The concept that matter
behaves like a wave is also referred 1o as the de Broglie
hypothesis due 1o having been proposed by Louis de Broglie.
(ii) Matter Waves : According 10 De-Broglie hypothesis,
particles like electron, proton. neutron etc show wavelike
properties associated with them. 'All material particles in
motion possess a wave character’. These wave are called
‘Matter Waves' or 'De-Broglie Waves'
A light wave of frequency v is associated with a photon
of energy E is given by
E=hv sslfly
According to Einstien theory of relativity a mass m is
equivalent to an amount of energy E according (o the relation

E=mc’
_ E
m=— -(2)

“
where c is the velocity of light in free space.

Hence the mass of the photon.
v
"= =)

The photon travels with the velocity of light c. Therefore,
the momentum of the photon is given by

h  hv
p:”ﬂ.‘:-z—t=? (4]
<

But V= 5- _where A is the wavelength of light.

>

(5)

~
]

...16)

A=

T iy >

thus, the wavelength associated with a photon is Alp.
A particle of (relativistic) mass m and moving with a

velocit
waveler

of marte

1
wave is
whose
wave fi
wave fu
state of
molecul

L
the x-du

1
it cannol
physical




J Coherence : The waves maintaining constant and
predictable phase difference are called coherent waves.
I'here are two types of coherence :

(a) Temporal Coherence : If the phase difference
measured at a single point in space at beginning and at end of
a time interval At remains predictable and constant then the
waves are said to temporal coherence.

(b) Spatial Coherence : The spatial coherence is the
definite phase relationship between the waves at different
points in space. .

Spatial coherence L = -y for slits

d = distance between slits p
a = width of the slit.

a Coherence Length : The average length of the
wavetrains for which the field remains sinusoidal is called
‘Coherence Length’. It is denoted by 7.

£ =ct,

Temporal coherence is determined by the coherence

length €. which depends on the line width AL of central
wavelength A.

a Coherence Time : Coherence time is defined as the

N TR T X Wb ' AL V) ; i S L N T 3 s
o ‘ CHAPTER IN'A ‘NUTSHELL. P

average time interval during which the field remains sinusoidal
and the phase of the wavetrain can be predicted reliably. It is
denoted by ..

4 ]
T.=—=

c__Av

a Optical Fiber : According to Snell’: law

Optical Fiber propagates light using the phenomena of
total internal reflection

sini 1,
sinr T on,

‘Here angle i and angle r are the critical angles for core
(medium-1) and cladding (medium-2) with the normal and
n, and n, are refractive indices of core and cladding
respectively.

U Numerical Aperture :
angle of acceptance.

It is defined as the sine of

N.A. = n?-n?
N.A.=n_sini
o m 5
i = Maximum acceptance angle *
m

n_ = Refractive index of medium from which light
is launched to fiber.

I. SHORT ANSWER TYPE QUESTIONS

Pro ‘hat is the physical meaning of numerical
aperture of an optical fiber? JR-T.U. 2018/

Sol. Numerical aperature is the light gathering capacity ul’lun
optical fiber and is proportional to acceptance angie.
Numerically it is equal to sine of acceptance angle.

l'llz —Ha
Ho

/

N.A.=sinB, =
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» Explain remporal and spatial

hat is coherence

T herence. Show that vi
‘
degree of coherence.

I..n.n c Refer | sig Answer Nws‘?c
w.ﬂm._.n er (0 LOA g Answe b
_

13
Visibility as 2 Measure of Coherenc

Let us consider two |nterfering waves,
1 s COf

waves consists of coherent part I and inco

f coherence, then

each of intenst Ly
herent

s the degree ©
=C|

and _.,n_.,\ﬁn._:

posed, the coherent part will

., €s superum;
When these wav pe a5 for the

aterfere by adding their amplitudes where.

~coherent parts the intensitics are simply added. For

~mstructive mterference

3]

Since for coherent part, amplitudes are directly added

the term is 41 [as a, +a, =24, and .nnlh u.ﬁnm, =41.]
where a_1s the amplitude corresponding to coherent part.
For incoherent part, iniensities are directly added i.e.

_..(4)

Hence the resultant intensity for constructive

=
e e =2 i

rerference is the sum of 41, and 21,

Thus, we get | =4Cl+2(] -C)ly <..(5)
For destructive interference
I, =0+2l, ...(6)
For coherent part amplitude in opposite phase will add
zer asa - (-a_)=0]

- incoherent part, intensities are directly added
Lo * L =20 (T)

“lp + 201 -C)lg - 2() - O,

4C1 + 201 -C)ly + 201 -ON

a1, 9)

Therefore. the fringe visibility 1 e the degree of contrast
1s @ measure of degree of coherence between waves of equal
miensities

Prob.8 Calculate the refractive indices of core and cladding
materials of an optical fiber if its numerical aperture
is 0.22 and relative refractive index difference is
0.012. JR.TU. 2018, 13, 09/

Sol. Given : NA = 0.22
and A = 0012

NA=p_ V28

NA
B 7
0.22
H = —=1.42
o 2% 0012
Also DHE
—.—al
42 -
= 0012= 112" Baw
1.42

= s =1.42-0.012x1.42=1.40

Prob.9 Write two prominent applications of optical fiber.
JR.T.U. 2015, R.T.U. (I Sem.) 2008/

Sol. Applications of Optical fiber
1. Optical fibers are extensively used as information
transmitting media due to its low loss over wide
range of frequencies.
Optical fibers find their applications in medical
sciences as the image transmission devices as
in flexible fiberscope. .
3. It is used in communication since On using
conventional wire system duec o various
tions, the signal amplitud d but
not in optical fiber.

~

J__E-E ;tln-_
4 Typical bio—sensor designed using above fiber
optics, may be used in measure of blood flow
rate, dye dilution and pH etc
Advantages of Optical Fiber
I They need no electric connections
2 They have high degree of mechanical flexibility
_ rb;:ﬂﬁ:s:&?ﬁ&ﬁ

1%5!..{ the construction of an optical fiber.
‘har do you mean by numerical aperture of an
optical fiber? Find an expression for the numerica:
aperture of an oprical fiber. IRT.L. 2018)

Sol.Canstruction : The optical fiber mainly consists of si>
layers as shown in Fig.|

Buffer jacket

£
g B Tenstlc sorength mascnal
Com  Comng mmde of silicon -

(Engineering Physics »

because of a pninciple known as fetal internal reflecrion.
This principle of total internal reflection s2ates that when the
angle of incidence exceeds a critical value. light cannot get
oul of the glass, mstead. the light bounces back in When this
principle is applied to the construction of the fiber-optic
strand. it 1s possible to ransmit information down fiber lmes in
the form of light pulses. Fig 2 illustrates the process for s step
index fiber

In order to understand the process in more detasl consader
a light ray (1) entering the core at point A and then traveling
through the core until it reaches the core cladding boundary
at point B. As long as the light ray intersects the core/cladding
boundary at a smail enough angle the ray will be reflected
back into the core o travel on to point C where the process
of reflection is repeated as shown in Fig 2

Ifa ray enters the fiber at a steep angle. for example |
ray (i1), then when this ray ts the core/cladding boundany,
the angle of intersection is too large and reflection back in n.o
the core does not take place and the light ray is lost in the
cladding. This means that to be guided through a fiber a light

Sol.qa) Gn

Magr

Tem;

Sel.(M F

Fig. 1 ray must enter the core with an angle that is less than the | Bop 1.
= » = 5 T T 2 . = Prob.1

| Layers aterial ize | e intersection angle so called acceprance angile for the fiber A
I. Core T,:..E_ plass  |SO um | Transmission of P
| fiber sty ray, which enters the fiber, with an angle greater than the C

2. Cladding |Glass of 125-200 pm. | acceptance angle, will be last in the cladding By convention
lightly I - —_—
_wn_nwv:n?..:ﬂ ‘ | the acceptance angle for a fiber can also be descnibed by the Sel. Ci
. Silicon | Silicon iqud |~ [To wmprove the quality lerm ‘numerical aperture’. The fiber acceptance angle can 1

coating | layer |of \ransmission. be calculated from t s A ol

T Buffer |Plasic = [Protect from moistore i = - ofthe core and cladding | p,g; |
tackint lamd using formula : S
S. Strength | Kelver - To prowvide toughness _—_— - !
material and tensile strength 8, = m.:.pﬁa.»..in - Mg _ Prob. |
6. Quter Black | mm m._.o protect wﬂn-!‘ in

jacket polyurcthane | strewching and pulling
Propagation of Light in an Optical Fiber : A light ra;
that enters the fiber does not simply travel straight dows
through the centre of the core. Instead light rays within th

core are continually reflected at the core/cladding boundar
so that the rays remain within the core.

R o]
— i \./ .|._”
7 e

Fig. 2 : Propagation of Light in an Optical Fiber

This process is called total intemnal reflection and is th
means by which an optical signal is confined to the core of
fiber. Light pulses move easily down the fiber-optic lin

The _..:.:ﬂ_..au_ aperture of a fiber is simply equal 1o the | 3re ind
mathematical sine of the fiber acceptance angle hence the

numerical aperture (NA) 1s given by
NA=(Vid )
Expression for NA : Refer to Long Answer Prob I{c)

Prob.11 Calculate the temporal coherence length for

(a) Mercury vapour lamp emisting in green portion | Ohe
of specirum at wavelength of 546.]1 mm with | e S

emission bandwidth of Av = 6 x 10° Hy

) IR TU. 2014, j0f | with
(b) A helium neon laser operating at wavelength | the v

of 632.8 nm

IRTU 2014 | pp




 Rsinin, .5 - - )

Another aspect of coherence is that the interfering
waves must have the same plane of polarization. If one has’
vibrations in a vertical YZ plane while travelling along X-axis
and if the other has vibrations in a horizontal XY plane while
travelling along the same X-axis, then the two crests shall
not reinforce becuase they will be at right angles to each
other. So, we conclude that interference will not be possible
if the two light waves are differently polarized. From here, it
follows that in the case of light, two separate jndependent
sources can never be coherent. Thus, we must try to obtain
a pair of coherent source from a single source of light as we
do in Young’s double slit experiment. In the case of Lloyd’s
mirror, the source along with its virtual image will act as a
pair of coherent sources. In Fresnel’s biprism, two virtual
images of the same source will act as coherent sources.
S ——
Prob.20 For a step index fibre having core index 1.43

and cladding index 1.4, calculate :

(i) Critical angle .
(i) Critical propagation angle

(iii) Numerical aperture JR.T.U. 2012/

__.——____.—-———'—_-'—'—___""'_-__l-lI——-—l"—'-__—-‘—_--.—'d

s

n 1.4
Sol. (i) sin &, = n—? TR

Critical angle, a,, = 78.24°

n_14 0979

(ii) cosf, = 143

Critical propagation angle, 8 = 11.76°

(iii) Numerical aperfure = ,/nlz ~03

= J1.43% -1.42 =029

Pronare the maximum angle of acceptance and
umerical aperture of two fibres. Characterized by

core and cladding index n; and n, respectively
(@ n,=1.6,n,=15

() n,=2.1,n,= 15 [R.T.U. 2011]

— EF.07 )

Sol. The numerical aperture is given by

NA = M
V Hg

When the fiber is in air, py = |

(a) NA forlfibre = /(] )2 _(1.5) =055
(b) NA for Il fibre = /(2.1)? = (1.5)?

= 1.47
Maximum angle of acceptance is given by
[(.2 2
! '(“cor: _"lclad)

4] = sin
\/
! ¥ Ho

= sin"' (NA)

max

0

6 for | fiber= sin~'(0.55) =33.36°

max

8,4 for I1 fiber= sin™' (1.47)
= 90-53.57°

Prob.22 Explain the use of optical fibres in :

(a) Fibroscope

(b) Sensor

(c) Optical gyroscope
#ﬁ
Sol. (a) Fibroscope : A fibroscope is a flexible fiber optic
bundle with an eyepiece at one end, and a lens at the other. [t
is used for inspection work, often to examine small
components in tightly packed equipment, when the inspector
cannot easily access the part requiring inspection. The lens
is often a wide-angle lens, and the eyepiece is occasionally
instead connected to a camera. :

Some fiberscopes use an additional fiber to carry light
from an external source to illuminate the material being
inspected, for clearer viewing. All fibroscopes introduce a
certain amount of image distortion; much of this is similar to
the distortion of modern night vision equipment.

Fiberscopes are used in medicine, machining, computer
repair, and computer forensics, among many other uses.

s a sensor that uses optical fiber
intrinsic sensors”), or as 4
mote sensor 10 the

R.T.U. 2011]

(b) A fiber optic sensor
either as the sensing element “
means of relaying signals from a remote s¢ o
electronics that process the signals (“extrinsic sens;nrihc-
Fibers have many uses in remote sensing. Depending

: | size, or
application, fiber may be used because of its small siz




Q Laser : The word LASER is an acronym for Light
Amplification by Stimulated Emission of Radiation. LASER
is a device, which produces a highly intense, highly coherent
parallel beam of monochromatic and coherent.

Laser plays an important role because of their inherent
properties of high intensity, high degree of spatial and
temporal coherence and polarization, find extensive
application not only in various branch of engineering and
technology but also in medical application, industry,
entertaigpment, surgery, weapons, holography etc.

_%/gpontnncous Emission and Stimulated Emission :

atom or molecule remains in excited state, nearly about

10-* sec. After this time, it will emits radiation again and reteurn

to a lower energy state. In this emission process the atoms

spontaneously goes to a lower energy state through the emission
of photon is called spontaneous emission or Fluorescence.

It is also possible that the emission is stimulated by
incoming photons, which is called stimulated emission.

O  Essential Conditions for Laser Action
(a) Large number of photon of desired frequency and
phase should be available to induce emission i.e.
energy density of incident photon must be large.

(b) The number of atoms in excited state must be

larger than the number of atoms in ground state.

(c) The probability of stimulated emission must be

larger than the probability of spontaneous emission.

1. SHORT ANSWER TYPE QUESTIONS

Prob.1 Give the reason for high intensity of a laser.
[R.T.U. 2018/

‘0 Population Inversion :
- population density in the metastable state must be made

Previous YEARsS QUESTIONS

____*__-——

Q Pumping : This is the process to achieve population

inversion.
The situation in which the

higher than that of ground state.
Q@  Optical Resonator : The system which provides

positive feedback is called optical resonator energy. It

consists of two reflecting surfaces.
O  Metastable State : The state in which the atoms stay

for a longer period (about 10 sec.) is known as metastable

state.
O  Comparison between Ruby Laser and He-Ne Gas Laser

Ruby Laser He—Ne Laser
1. | It is three energy level | It is four energy level
system. system.

It gives highly
coherent and
collimated laser light.

2. | Laser light from this
laser is less collimated
| and coherent.

It produces
continuous laser

beam.

3. | It produces pulsating
laser beam.

Cooling arrangement
is not required.

It emits light of
wavelength 6328A.

4. | Cooling arrangement is
required.

5. | It emits light of
wavelength 6943 A.

Sol. Due to its lower spreading property many bea_ms qﬂight
incident in a small area, hence intensity of laser light is very
sharp (intense). Due to this property it is used for the laser

welding.



.
1 *
Tob2 Mhar arr a.rs “ifferences between spontanco us mpe
> ] ;
g emsTion IRT.L 201 Prob.6 Give rwo impertant terms in interaction of light
— with matier.
5 Spentancous Fmi and Stimulated E

;\n. “j ,i molecuie remains in excited state, nearly -..Féh
A r.t“w! thes Z‘ﬂn‘ 1t wali emats radiation again i..ﬂﬁ:.:
SHeT® state. In this emission process the atoms
i’g}; B n,-ﬂ““a“ t lower energy state through the emission
Shancous envission or Fluorescence

1 s aiso possi

s bl that the emission is stimulated by
evng photons. which is called stimulated emission .

P e

Sio_'“ Fime -b.._:.-:.aﬁa. of a Laser beam of 20 mW power
l?n ving a diameter of 1.5 mm. Assume the intensity
to be wmiform acress the beam. [R.TU. 2010/

Sel. Grven Power of Laser Beam P = 20mW =20 x 107 watt
dameterd =1 Smm = 15> 10"'m

- Ls=x107?
T —— m
- .Wa. P 20x107"' x4
A w? 314x(1.5x107%)

1= 1 13kW/m?

Prol4 Whar do you understand by laser?

Sol. Laser ; | asers are amazing devices which emit beam of
lught powerful enough to vaporize a bulldozer, yet are so precise
that they can be used in optical surgery, provide the surgeon
remembers to change the setting on the laser to “delicate optical
surgeny ' from vaporizes bulldozer.

Prob.5 A laser beam can be focused on an area equal to the
square of its wavelength A, for a He-Ne laser A=6328A. If
the laser radiates energy at the rate of 1 mW, find out the
imtensity of focused beam.

Seol. Given

Wavelength A = 6328 A = 6328 x |
Power P= | mW = 10 'w
Ares A= 2° = (6328 = 10 10y m?

—v

intensity is given by | %

40 < 107" w?

! watt - 2 510" W/ m’

Sol. There are two important terms in interaction of light
with matter
(1) Energy density of radiation : It is defined as

radiation energy per unit volume with in frequency
range v and v + dv

(ii) Population : It is defined as the number of atoms

perunit volume available in an energy level.

ﬂaﬁin down the components of a basic laser system.

Sol. It consists mainly of three basic parts :

(0 An active medium with a suitable set of energy
levels to support laser action.

(1) A source of pumping energy into the device in order
to establish a population inversion.

(i) An optical cavity or mirror arrangement that
reflects the beam of light back and forth through

the gain medium for further amplification and
overcoming all losses

13&&\&2 do you understand by Helium-Neon laser?

Sol. A helium-neon laser, usually called a He-Ne laser, is a
small gas laser generally used in laboratory demonstrations
of optics. Its usual operation wavelength is 632.8 nm or 6328A
in the red portion of the visible spectrum. It produces a
continuous laser beam which is highly directional,
monochromatic and coherent.

Prob.Y Give the advantages of Helium-Neon luser.

Sol. Advantages of Helium-Neon laser :
(1) It is most common and inexpensive gas laser.

(1) lypical He-Ne lasers can generate a few milliwatts
of output power ranging from | mW to 100 mW in
continuous-wave operation.

(i) The beam quality is usually excellent. It is often

d for alignment purposc.

— &

1. Lonc AnsSwer TyPe QUESTIONS

Prob.Ldescribe the construction and working of He-Ne
Iysef. What is the role of He? Give some important
applications of this laser. IR.T.U. 2018]

Sol. Construction of He-Ne Laser : He-Ne er
consists of a narrow discharge tube of bore glass or quartz
of length 10 1o 100 cm with a diameter of order of Smm 10
10mm. The tube is filled with a mixture of helium and neon
gases, approximately in the ratio 85% helium and 1 5% neon.
contained at low pressure (typically ~2-3 torr). At each end

of the tube there arc clectrical connections, referred o as
electrodes.

Glaw Tube

Concave Munvos
Reflects 990 Traummts 1%

Fig.(a)
Fully Silvered Pamally Silvered
Laser Beam
—_—
Fiah Voltags — flectne Field
\ —
67 0NN Ancle Electron o
+® lon
He-Ne Minture
Cathode Anode

Fig.(b) : Schematic of a Helium-Neon Laser

The energy or pump source of the laser is provided by
an electrical discharge of around 1000 V through an anode
and cathode at each end of the glass tube. The positive high
voltage is connected to the anode and cathode, is taken at
ground potential. The anode consists of a metal pin inserted
through the glass so that one end extends into the gas region
of the tube and the other is connected to the power supply as
shown in fig.(b). The laser tube is enclosed between a plane,
high-reflecting mirror at one end and a concave output
coupler mirror of approximately 1% transmission an the
other end as shown in fig.(a). These mirrors could be fla,
but this requires great precision in alignment, so the common
laboratory He-Ne lasers are manufactured with the
semiconfocal mirror arrangement. The spacing between the
mirrors is taken equal to an integral multiple of half
wavelength of laser light

Working : The laser process in a He-Ne laser starts
with collision of electrons with the helium atoms in the gas

s electric discharge

sCIric scharge. Th
v the electrical discharg .
- v from the ground state. t© the long-hved,
Collision of the excited helium
oms results in transfer of

excites he
metastable excited states

S ¢ -state neon at
atoms with the ground-sta 4 :
wns. exciing them nto the 2s and 3s

energy 1o the neon
states. The ¢acess encrgy 0 a helium atom is transferred
: 1o a ncon atom. Helium s used because, it

acollis -
M”“”_v:nmv,nr, an excited state veny close 1o upper ( is) level
neon and this level is inetastable. meaning it has a
very long hfeume (as one of the excited levels of helium at
2061 eV is very close 1o a level in neon at 20 66 eV, soclose
n fact that :_.Z‘: collision of a helium and a neon atom, the
energy can be transferred from the helium to the neon
atom). The helium excited state 1s readily produced by
electrical discharge and such a large population of excited
helium atoms can be created that a population inversion of
neon atoms can be made. This process is given by the
reaction equation :

He* + Ne —» He + Ne* + AE

where (*) represents an excited state, and AE is the
small energy difference between the energy states of the
two atoms, of the order of 0.05 eV
To ensure the emission process

xceed the absorption
process, there must be a population inversion, namely an
excess of excited states. The number of neon atoms entering
the excited states increases as further collisions berween
lhelium and neon atoms occurs, causing a population inversion
between the neon 3s and 2s, and 3p and 2p states
Role of He in Laser : The role of helium gas in the
laser tube is to provide the pumping medium o neon atom to
attain the necessary population inversion for laser action

Applications of He-Ne Laser

The fields in which helium-neon laser is applied are
appended below:

(a) Interferometry

(b) Laser printing

(c) Bar-code reading

(d) As pointing and directional reference beams

In interferometry the helium-neon laser gives a very
stable and single transverse mode reference beam, which is
essential in identifying optical characteristics of material like
smoothness (A) and the figure of the surface

In laser printing the laser beam is used as a source for

S:_.z:::....v_E._:n:u_:en322_.-__s;:er Bive print
patterns in detail

It is now common o see depaniments stores using
He-Ne lasers (0 check out or for the scanning the

merchandise having digital codes. which are
product

The billing and payment wakes only seconds

imprinted on the
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Prob.2 Whar is Laser? Explain irs principle?

IR.TU. 2007

Sol. Laser : Lasers are amazing devices which emit beam of
light powerful enough 1o vaporize a bulldozer. vetare so precise
that they can be used optical sur,
remembers 10 change the setting on the
surgery * from vaporizes bulldozer

Principle of Laser : The principle of laser production is

based on the fact that atoms of a material have a number of
energy levels in which at least one 1s metastable state

Y. provide the surgeon
aser 10 “delicate optical

Consider a three level atomic system having energies
E.E,and E, respectively. Let the atoms are at ground state
E,. If photons interact with an atom in ground state, the atom
absorbs the photon and reaches the excited state E,. We
know that the excited state is an unstable state, therefore,
electron must return back to ground state E, but such
transitions are not allowed and the electron first reach the
state E;. Atoms in the state E; which has a life time of about
107 sec decay spontanecously from state E; to state E, which
is metastable and has life time of 10-sec. This means that
the atoms reach state E, much faster than they leave state
E,. This results in an increase in number of atoms in state E,,
and hence population inversion is achieved

After achieving population inversion it is exposed o a
beam of photons which causes induced emission of photons
and a beam of laser is produced.

Eacued Simc Life Time - 10" scc

Metmmabile St Life Tome 107 sex E, Llascr Baam

Caound Sime Life Time anfinute

Fig. : Laser Principle

ril are basic requirements of semiconductor
laser? Draw ifs label diagram and explain its
construction working with necessary theory. Write
down the applications of laser. [R.T.U. 2016, 2014, 10/

OR
W hat are the basic requirements of a semiconductor
laser? Draw irs labelled diagram and explain its
working with necessary theary. Write down the
applications of semiconductor laser.  [R.T.U. 2017]

OR

Engineering Physics

Describe the principle, construction and working of

asemiconductor laser. Describe various applications

of semiconductor laser. (RIU. 2013}
OR

Write short note on semiconductor laser.

IR, 2011)

Sol. Principle of Laser : Refer 10 Proh 2
Essential Requirements for Producing Laser Action :
| The energy density of incident radiation must be
very large This can be achieved by reflecting the incident
radiation back and forth in the active medium by putting two
Irrors in proper orientation. This system provides positive
feedback is called optical resanator. "

2. The rate of stimulated emission must be very large
as compared to spontaneous emission. To increase the rate
of stimulated emission, metastable states of higher energy is
chosen because transitions from metastable state by
spontaneous emission are not allowed.

3. Total emission rate must be greater than absorption
rate. Thus, to increase emission rate we have to increase
number of atoms in higher energy state. The situation in which
the number of atoms in higher energy state exceeds that in
lower energy state is known as population inversion.
Population inversion can be achieved by pumping mechanism.

Construction : Basic Semiconductor Laser Design

A schematic diagram of the simplest type of gallium
arsenide laser is shown in Fig.1(a, b). It is a solidrstate device
that consists of two outer semiconductor layers separated by
a middle layer and generates laser radiation, when charge
carriers of opposite polarity, one each from the top and bottom
layers, meet in the middle-tayer. Such lasers consist of two
basic components, dn optical amplifier and a resonator, The
amplifier is made from a direct-band gap semiconductor
material based on either gal
which is a small, highly efficient photon source. GaAs cleaves
easily along certain crystal planes, leaving flat parallel
surfaces. The cleaved ends of the laser diode, with no further
coating form the mirrors for feedback and oufput coupling.
Excitation is provided by current flow through the device as
the top and bottom layers are metalized and metal contacts
are provided. If output is desired only from one end of the
device it can be achieved by coating the surfaces with metal
films. Two sides are purposely roughened to reduce reflection
and prevent lasing ‘across’ the diode cavity.

Working : The radiative recombination of electron-hole
pairs can be used for the generation of electromagnetic
radiation by the electric current in a p-n junction. This effect
is called electroluminescence. When a diode is forward
biased, holes from the p-region are injected into the n-region,
and electrons from the n-region are injected into the p-region.

Engineering szr
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Fig. 1 : (a) Sketch of Semiconductor Laser Device
(b) Construction of a Semiconductor Diode Laser

If electrons and holes are present in the same region,
they may radiatively recombine that i, the electron *falls into’
the hole and emits a photon with the energy of the bandgap
This is called spontaneous emission, and is the main source
of light in a light emitting diode. Under suitable conditions,
the electron and the hole may coexist in the same area for
qQuite some time (on the order of microseconds) before they
recombine. If a photon of exactly the right frequency happens
along within this time period, recombination may be stimulated
by the photon. This causes another photon of the same
frequency to be emitted, with exactly the same direction,
polarization and phase as the first photon. As the mirrors are
provided by cleaved crystallographic surfaces of the
semiconductor and the concentration of the electron hole pairs
(called the injection level) exceeds some critical value, this
device may function as a semiconductor laser that emits a
coherent electromagnetic radiation with all photons in phase
with each other.

In a laser diode, the semiconductor crystal is fashioned
into a shape somewhat like a piece of A4 paper-very thin in
one direction and rectangular in the other two. The top of the
crystal is n-doped, and the bottom is p-doped, resulting in a
large, flat p-n junction. The two ends of the crystal are cleaved
soas to form perfectly smooth, parallel edges, two reflective
parallel edges are called a Fabry-Perot cavity. Photons emitted
in precisely the right direction will be reflected several times
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from each end face before they are emitted Each time they
ss through the cavity, the light 1s amplified by
emission. Hence, if there 15 more amp

mulared
cation than loss, the
diode begins to “lase” This type of laser diode is called
homojunction laser diode

Emission of Light by Semiconductor Diodes

Fig.2 shows the relauve populations of the energy bands

at both sides of a p-n junction with no voltage applied 1o the
diode

Holes

v
Junction p-lvpe
()

Inversion

™ p-Type
Fig.2 : Energy Band Structure of a Semiconducter Diode
(a) Heavily Doped PN-junction without Bias
(b) Heavily Doped PN-junction Forward Biased sbove Threshold Value

The n-type material contains electrons, which behave
as the current carriers in its conduction band, whereas the
p-type material has holes for carriers in its valence band.
Because of very high doping on n-side the donor levels are
broadened and extended into the conduction band. Fermi level
is also pushed into the conduction band hence electron occupy
the portion of conduction band lying below the Fermi level.
Similarly on the heavily doped p-side Fermi level lies within
the valence band and holes occupy the portion of valence
band that lies above the Fermi level. At equilibrium, the Fermi
level is uniform across the junction.

When a forward voltage is applied to the diode, the
energy levels are caused to shift as illustrated in Fig.3. Under
these conditions there is a significant increase in the
concentration of electrons in the conduction band near the
Junction on the n-side and the cancentration of hales in the
valence band near the junction on the p-side The electrons
and holes recombine and energy is given off in the form of
photons. The energy of the photon resulting from this
recombination is equal to that associated with the energy gap
In light-emitting diodes (LED) this light energy is transmiitied
out through the sides of the junction region For the LED. all
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fihe light s created by spontaneous emission due to electron

__ﬁﬂ.wunnﬁcz.s_:-_.g. In semiconductor lasers the junction

material -M_._.fn medium, and the reflective ends of the _.!,.2

Gibeies T ?33.“._, Because of this feedback in diode
- most of the light is created by stimulated emission

Applications of Laser

Laser plays an important role due to its outstanding
characteristics in different areas of research and development
of science. engineering and technology. Generally speaking.
A laser produces a very narrow and intense beam of light
that can vaporize any thing which comes in its way. The lasers
have widespread applications in industry. surgery,
cntertainment etc and in a number of other disciplines of
life. However, some of them ‘are as under |

(i) Industry : In industries precision cutting, welding
and drilling of tiny holes into hardest materials can
be performed by laser beam.

(ii) Electrical Devices : Tiny solid-state lasers are
widely used in electrical devices. Lasers are a
primary component of some of our most modern
communication systems and are the probes that
generate the audio signals from our compact disk
players. A laser beam replaces the phonographic
needle in a compact disk audio system for music
reproduction of extremely high fidelity. A laser can
also be used for the photographic recording of output
data of computer.

(iii) Media : All T.V. transmission of programs to the
entire world is an application of laser. In fibre optic
communication laser plays a vital role.

(iv) Surgery : In surgery, the laser has proved a more
delicate and accurate instrument than the finest
scalpel. It has been used for bloodless surgery,
removing small humors, cutting and delicate
operations. Laser can also be used to fragment
gallstone, stones in kidney and eye-surgery. Laser
therapy is completely painless.

(v) Military : Lasers are the targeting elements of
laser-guided bombs. Laser beam is used as a range
finder, lining up equipment accurately in surveying
large distances.

(vi) Market : Lasers are the optical source in both
supermarket checkout scanners and tools (steppers)
that print our microchips.

7.::.,._13-::2:-_ Study : Laser
environmental monitoring ir
of laser can be tuned to a desired frequency, These
lasers can be used as very sensitive detectors of

Lypes

pollutants in the atmosphere

(viii) Nuclear Fusion : A high power laser is also a
potential source 10 induce nuclear fusion reaction.

(ix) Recording Hologram : A very interesting
application is the production of true three-dimensional
images called Hologram. A hologram records not
only the intensity of the light but also the phase
difference between two image-beams that cause the
interference patlern to reconstruct an image
suspended in air like a real object.

(x) Education and Research : Laser helps us to
investigate the structure of molecules and
compounds. It can be used as a catalyst in some
chemical reaction. It can be used for alignment
purpose in scientific and commercial instruments.

Prob.4 Explain Laser action and give the reasons for the
following basic properties of a laser
(i) High intensity

(ii) High directionality [R.T.U. 2016

Sol. Laser Action : When energy is applied to a medium
raising electrons to an unstable energy level. These atoms
spontaneously decay to arelatively long-lived, lower energy,
mega-stable state. A population inversion is achieved when
the majority of atoms have reached this meta-stable state.
Lasing action occurs when an electron spontaneously retums
to its ground state and produces a photon. If the energy from

this photon is of the precise wavelength, it will stimulate the-

production of another photon of the same wavelength and
resulting in a cascading effect. The highly reflective mirror
and partially reflective mirror continue the reaction by directing
photons back through the medium along the long axis of the
laser. The partially reflective mirror allows the transmission
of a small amount of coherent radiation that we observe as
the ‘beam’. Laser radiation will continue as long as energy is
applied to the lasing medium. Three — level laser production
is given below :

—{(EP61_

_laa‘:tql.ﬂu ;t-:ﬂ..r

- ﬁ./ 1ghly Excited Level
— Metastable
Level
B
g £
s
I
iy between
mr these 2 Levels

Ground State

Fig. I : Three Level Laser Action
Reasons for the Basic Properties : Laser light source
when compared with any conventional light source, it shows
some extraordinary characteristics given as follows:

(i) Monochromaticity : The property of exhibiting
the emission of a single wavelength by a light source is
called monochromaticity. When laser is passed through a
prism then a single line will be appeared in the optical
spectrum, but not in case of ordinary light (Fig.).

incident laser monochromatic

transmitted same
laser as of
incident laser
Fig. 2 ,
) (ii) Directionality : During the propagation of laser
its angular spreading is very small and possessed very less
where it is incident.

@ ) Brightness or Intensity : Due to its lower
spreading property many beams of light incident in a small
area, _.ﬁq_n.a intensity of laser light is very sharp (intense).
Due to this property it is used for the laser welding.

(iv) Coherence : In case of conventional light, the
property of coherence exists between a source and its
virtual source where as in case of laser the property of
coilerence exists between any two or more light wave of
same Q_K\.\

%&? the term absorption, spontaneous emission
@\ and derive the relation between Einstein's

Prism

coefficients for laser action and discuss the resuys.
IR.T.U. 2016]
OR
Derive the relation between Einstein's coefficients
and discuss the results. [R.T.U. 2015}
OR
Explain the term absorption, spontaneous emission
and stimulated emission and derive a relation
between Einstein's Coefficients. IR.T.U. 2014]

OR o
ission

What do you understand by u_ﬂa:w:a\atwnﬂﬁa i

i ission? Obtainn a re

and stimulated enrissio . .

Einstein coefficients A and B for nhs._qazh.et..nh..‘

stirmudated emission. What are essential requiren

for Laser action? [R.TU. 2010, 2009, (I Sem.) 2005/

OR

P
1 st rriission .
Explain the meaning of stimulated emis

JR.T.L. 2007

Sal. Absorption : To explain the absorption, we discuss ar:
atom with two active energy levels m_. and E,, where E, 1"
ground state and E, is excited state. The atoms will m_.hu in
the ground state energy Jevel till the external energy is not

applied as shown in Fig.l.
@ Excried

E,
b s e =
force introduce NNe
Ground
stare
(n) b
Fig- 1

When a photon of energy hv =E,-E, is incident on the
atom lving in ground slare then it excites to higher state E .
The difference of energy of these energy states is absorbed
by the atom. This probability of transition is called the
absorption.

The rate of probability of absorption phenomenon from
energy state E, to E, depends on number of atoms (N,)
available, permit volume and number of incident photon density
(p,) then

R aps = N,

Raps = p,
£ R,gs = Nip, =B:p, N,
He R aps = Bppo N, ---(1)

B,; — Coefficient of probability of transition from
energy state E to E,.
m—..a:-u..no..u Emission : Let us consider that the
atoms are in the excited state E,. After a particular time the
atom de-excites to its ground state spontaneously by emitting
a photon of energy hv = E; - E, .

Excited [ ] - .
stale E, afler a m..—-l-
particular tune AANg — =
Ground (lifee time) W Wi,
state E, E, Ground
(U] () e
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However this process does not require any external
energs 1 ¢ this process is known as spont

EMission as shown m Fig 2

The rate of spe
the population (number of

atom in the excited state only.)

Repg < N, = A, N,

o

A, ol probability of spontane
transition from energy E_1o E.

A is abvays zero ie. A

any passibility of transition w ihout external energy from energy
state E 10 E,.

. = 0. because there is not

Stimulated Emission : Let us assume that the atom
15.1n the excited state f'a photon of energy hv=E - E s
incident on just before ctime, it gives an nx_n:._u_.nznao
to the atom, it stimulate these atoms E, to energy state E . In
result a photon of energy hv releases along with the incident
photon energy hv. This phenomenon is known as stimulated
(induced) emission. The emitied photons n this process

containing the same wavelength and they are in same phase as
shown in Fig 3

Excited @

m

State E,

(VU
Ground Ground
Siate E, Suate L,

Fig.d
The rate of transition probability of stimulated atom
from energy state E, to energy siate E, depends on the
number of excited state £, and energy density of incident
photons ®)
Rgre N,

Rse =, .
' Rore =By Nyp,
where B, = coefficient of stimulated emission

.—.—.no_..w of Laser : Einstein's Coefficient : In
thermal equilibrium, the population of atoms in n_..:.oRE states
are governed by Maxwell-Boltzmann's Law. In the equilibrium
condition, B

Rate of transition of total emission = Rate of transition
of inal absorption

R .4 = B.Np, = Absorption (induced) ...(1)

Rgre =By Nyp, = Sumulated emission -~ = .(2)
Repe = Ay N, = Spontaneous emission K|
A,, =0 for automatic absorption (D)

{ Engl ing Physics

—k»:f x:: +

B.Np =B Np + AN

ANy = =By Nop 1+ B, Np,

AN, =p (BN, - B, N,]

A, N, N,A,

e T ’ )

[B,.N, - B, )N.] N, | N :.; |

N, | By, |

Sl (5)
According to Boltzmann's distribution law
N, = Npel BRIl o _ g el-ErkaT)
= N P M =Ny

N,

: o_\.m".m.:x..:
N

|

N, - Population in the ground state

N, - Primary state population defined as Boltzmann's
law

law

K - Boltzmann's constant

(6}
-1

According to Planck's radiation law, distribution of
radiation is governed by the following equation

_ 8xhv’ 1

¥ 4? A7)

Comparing equation (6) and (7), we get

Ay _ Brhy’ and B2 .
B;, S By,
Ay «v? and B,, =B,, ..(8)
By,
Conclusions

(1) The ratio of Einstein's coefficients of A, and B,
is proportional to cube of the frequency of incident photon.

(2) The relation shows that the rate of probability of
induced emission and absorption are equal.

N. — Secondary state population defined as Boltzmann's
'

Engineering Physics
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Prob.6 Write short notes on the following:
(i) Population inversion

(i, mping IR.T.U 20151

ated emission in laser requires a large
W of excited atoms in the upper levels. Normally the
higher encrgy levels have less occupancy than the lower levels.
However, for laser emission we need 1o have the opposile
Tlus population inversion is an artificial situation required to
achieve stimulated radiation. The number of active atoms
occupying an energy state is called population of that state

We cansider N and N, are the populations of the lower
E, and upper E, energy levels respectively. In thermal
equilibrium these populations are fixed by the Boltzmann
factor. From Boltzmann's statistics,

Ny e B Tand N, o o F/47
Hence, Bnn._mﬂm._.: (D)
N2

The negative sign in the exponent implies that N <<N, at
cquilibrium. Here more atoms are in lower energy level E,
This is the normal state. Atoms at E, will occasionally absorb
radiation and make transition to E, Atoms in E, will occasionally
emit radiation and make transition to the lower level. This is
spontaneous emission. Laser operation requires’obtaining
stimulated emission almost exclusively. There must be more
atoms in the upper level than in the lower level in order 10
achieve stimulated emission exclusively. Therefore, a non-
equilibrium state is to be produced in which the population of
the upper energy level exceedsto a large extent the population
of the lower energy level. When this situation occurs, the
population distribution between the levels E andE, issaid to
be inverted and the medium is said to have gone into the state
of population inversion. Extending eq. (1) in this case, we
observe that N, can exceed N, only if the temperature is
negative. Therefore, the state of population inversion is referred
10 as a negative temperature state. The name only suggests
that this state is a non-equilibrium state. The population inversion
is actually achieved at normal temperature,

(i) Pumping : The process of: achieving population inversion
is known as pumping.

Here the numbers of particles (N,) in higher energy
state E, becomes more. Sustaining the condition of population
inversion requires the atoms have to be supplied continuously
10 excited state by any means.

.:..pu._u_dnnum of supplying energy to the medium to
ansfer it into the state of population inversion is known as
oumping.

Prob.7 Explain the construction and working of a He-Ne
taser. Draw necessary diagram. What is the role of
He in this laser? IR.TL. 2015 2007
OR
In He-Ne laser. what is the function of He atoms?
Explain the answer with the help of energy level
diagram for He-Ne. Describe with a neat sketch
the working of He-Ne laser. [R.T.U. 2013)

Sol. Refer 10 Long Answer Prob |

Prob.8 (a)Explain the principle of laser. What are the
cssential requirements of a laser? Explain how
these requirements are achieved.

(b) Laser action occurs by stimulated emission JSrom
an excited state 1o o state of energy 30.5eV. If
the wavelength of laser ligit emitied is 690 nm,
what is the energy of the excited one.|R. T U. 20124

Sol. (a) Principle of Laser : Refer 0 Long Answer Prob 2
Basic Requirement of Laser : Refer to Long Answer
Prob 3
LASER action consists of following necessary
conditions or parameters
I. Active Medium
The active medium consists of a collection of atoms,
melecules or ions (in solid, liquid or gaseous form) which is
capable of amplifying light waves or medium in which light
gets amplified is called active medium. A small fraction of
active medium is responsible for amplification. These are
called active centres and remaining pant of this medium
supports the active centres
(1) This is the medium where light is getting amplified
This may be solid, liquid or gas

(i) This is the medium where only a fraction of atoms
of a particular species takes part in stimulated
emission in laser action. These atoms are also
known as Active Centers.

IL. Population Inversion : Refer 1o Long Answer
Prob.6(i).

(a) Factors affecting population inversion : There
are three phenomena that can prevent population mversion.
First one prevents lower laser level from undergoing its normal
decay process in a gas laser. This is known as Radiation
Trapping. The second, applicable to gas or plasma lasers, tends
to reduce the population of the upper laser level and move it to
the lower laser level via collisions. This is the Electron Collisonal
Thermalization. The third is the absorption within the gain
medium by various pr present within the medium that
are not associated with upper and lower lasing levels




(EFsa)
(b) Negutive absorption : Intensity of light decreases
exponentially s it propagates through a medium as | = [ ¢
Here | is the initial intensity; L is the length traveled by
light in the medium and a is the absorption coefTicient. So,
the amplification of light may be described by the above
equation but with negative a. In this point of view a medium
in the state of population inversion is called a medium with a
negative absorption coefficient and the light amplification is
referred to as negative absorption

Here the numbers of particles (N,) in higher energy
state E‘. becomes more than the same (N,) in lower energy
state E unlike normal situation. Thus the name ‘Population
Inversion” arises.

This is possible only when temperatur : is negative under
normal case. So it is also referred as Negative Temperature
State.

However, this is totally hypothetical as we can not go
below OK and it is obtained generally at room temperature.
Generally light intensity decreases while propagating into a
medium, so a medium in a state of population inversion is also
called a medium of Negative Temperature CoefTicient.

(c) Pumping : Refer to Long Answer Prob.6(ii).
Ther are several methods of pumping processes :

(i) Optical pumping using light source (in Solid State
Laser, e.g. ruby).

(ii) Electrical pumping using gas discharge (in Gas
Laser, e.g. He-Ne) '

(iif) Direct pumping using electrical energy which is
ultimately converted into light energy (semiconductor
laser).

(iv) Chemical pumping using energy from chemical
reactions (carbon dioxide laser.)

ﬂr—?—wd‘ - u
. -

Larser Pump
Pup Rapid
Ducry
B 1 . .
(a) Traditional Solid State Laser (b) Gas Lasers

Fig. : Three Level Lasers
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Although it seems to have two energy to attain laser
action, however, this is not possible. So, three or four level
pumping schemes are often used and four level pumping shows
maximum lasing efficiency. The base level is called the lower
lasing level and the upper level as upper lasing level. The
tompost level is known as pumping level. So, for the four
level lasers we have two upper levels. In three level schemes
laser transition takes place between upper and lower lasing
level. However, the laser transition is in between two upper
levels only in four level laser. The general energy level
diagrams of three and four level laser are shown in Fig.

I11. Optical Resonator

For the continuation of stimulated emission and the
increase of light intensity in a cumulative way a positive
feedback of light into the medium is a must.

Spontaneous photons are emitted by atoms independently
at random which produce spontaneous emission in different
directions. So the final result is incoherent light.

An intense beam of light can be available only when
the optical gains of the system equals the optical losses.

All these three requirements are met with an Optical
Cavity Resonator, which converts the active medium into a
Light generator.

An optical resonator consists of two opposing plane
parallel mirrors with the active material placed in between.
One mirror is semi-transparent and the other one is totally
reflecting. The mirrors are set normal to the optic axis of the
materials. Now, when in an active medium pumping is taking
place to achieve population inversion state. Spontaneous
photons are emitted in initial stage. In order to have a coherent
light output, we should have to select photons of specific
directions and other are treated as reject one and these
stifulated photons made to pass through the medium a number
of times, So, here the mirrors constituting the resonator cause
the directional selectivity. Photons emitted in any direction
other than parallel to the optic axis, will pass out from the
sides of the resonator and are lost. Photons emitted parallel
to the axis are augmented. On reaching semi-transparent
mirror some are transmitted out and rest reflected and they
de-excite more atoms and build up their strength. At fully
reflecting mirror major portion will be reflected. At each
reflection at the front mirror, the beam is partially transmitted
through it and partially fed back into medium. Thus, the photon
density of the medium enhances. As the oscillations build up
to enough intensity it energes out through the front mirror as
ahighly collimated intense beam of laser.

| Engineering Physics ,L

Sol. (b) Energy of the laser light emitted is given as

he _(6.626x10*15)(3x10*m /s)

hy = =
A (69010 m)
=288 % 10")
2.88x107"]

BT eI, i

Energy of the excited state = 30.5¢V + 1.8 eV
=1323eV

.4

. PW pulse width of laser of wavelengtl 1064 nm
Is 25ms. If the average power output per pulse is
0.8 W then

(J) What is the energy released per pulse? |
(i) How many photons does each pulse contain?
IRTU. 2012)

Sol. (i) Energy released per pulse = P x At
=(0.8W) (25 = 107%)
) =20x 107}
(ii) Number of photons in a pulse semi-transparent

_ Energy Pxat
he o he
A

__(20x107*))(1064 x 10 m)
(6.626x107 Js)(3x10%m /5)
=1.07x 10"

Prob.10 A4 laser beam has a power of 50 mW. It has an
aperture of 5 x 10 ' and wavelength 72004. A
beam is focussed with a lens of focal length 0.1m.

Calculate the area and the intensity of the image

IRT.U. 201

Sol. Given : Wavelength A = 7200 A = 7.2x107m
Aperture a = 5 x 107 m

Focal length of the lens =0.1m

Power = 5010 wan

y =3
The angular spread 46 = * = £L02.d 0 N
a 5xio”

=1.44x 10" radian
Areal spread = (d0.f)’ = (I 44x10™ x . |)z

=2.074x107*m?

Sol
Rey
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\PropAd What is Hall Effect? Write expression for Hall

ient. IRT.U. 2018)

Sol. Hall Effect : When a magnetic field 1s applied

perpendicular to a current carrying conductor or
semiconductor, a voltage is developed across the specimen
in a direction perpendicular to both the current and the
magnetic field. This phenomenon is called the Hall Effect
and the voltage so developed is called Hall voltage

Hall CoefTicient : The average drift velocity v s

related to the current density ] as
j = nqv
)

V=g —

nq

j will be i same direction for both negative and positive
harge carmiers)

E,=vB

|
« —(JB)

nq .

If the thickness of the bar 15 w, then

-

Where V :u potential difference between the edges

. is called the Hall volage and the factor |

b
nq | it called
lall coefficient and denoted by R,

Prob.2 Explain origin of bands in solids. RT.U 2017

Sol. According 1o the Bohr's theory, free electrons in an
solated atom that have certain definite discrete amount of
energy [ here are well maimtained energy levels of electrons
i each atom_ | we bring two atoms near to each other then
they both will affect each other. The interatomic interactions
of atoms are very strong So, it will not affect the electrons
present in the wnner shells but will affect the electrons in the
outer shells. When atoms approach one another, it becomes

possible for electron 10 exchange places. As a result of such
transitions, wdentical energy levels split

Probld

an

silicon plate of thickness | mm, breadth | cm
wh '’

ngtif 10 cm is placed in a magnetic induction 0.9
acrmgr perpendicular to its thickmess. If IA cur -

f-'h?l‘l along its length, calculate the hall voli deve oo
if the hall cofficient is 3.66 = 1o m' A i San

Sol. Given B=@ ¢ wh/m?

=1 Amp, t= | mam.
{em, | "10Dem. R

W

E““:.Ml ‘;.,‘““l‘.

Hall volage \ R,
f
i y
\H ml.%” “i'|"f_

ivif):'

“0in v
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Probe Fuplaim the term bonding in crystals? What are
the distmguishing characteristics of metallic bonding?

[R.TU. Jan. 2016)

OR
Describe mature and origin of various forces existing
berween atoms of solid crystal and explain the formation

o covadent and metallic bonding in selids.
[R.T.U. 2014]
OR
W hat de vou mean by the term ‘bonding in solids’.
Explain all types of bonding. [R.T.U. 2013)

Sol. Reter 1o Long Answer Prob.l{a)

- ii—— ]

Rre ob.? Explain Hall effect. Obtain the expression for

Hall coefficient. Hall veoltage, Hall angle and Hall

mobility. [RT.U. 2014]
OR

Whar is Hall effect? Briefly discuss the physical origin

of Hall effect. " IRTU. 2016

: - 2
Sol. Hall Effect : Refer to Long Answer Prob.2(a).

Theory

Cor )
- .d,__r_..: a conducting bar placed along the x-z plane in
'an clectric current I is flowing in the x-direction by the

application of an electric field E i 5 =
. A magnetic fi ;
in the z-direction as ——_ _'_m _ gnetic field B is nﬂt__&

whic

Due to the electric field E in x-direction, the negati
‘arge carriers (electrons) will be drifting in the .Tin__ i
. ile the ?;::.n charge carriers (ions or holes) rc_.__ “._nnr_o:
%) direction If the bar is a metal bar, the charge ow”.mnﬁ

Il be elec , insi
ctrons and if it is an extrinsic semiconductor the

iy ch FEC carmiers w g
3 _: cC i m(vn
- _r“ : al wvﬂﬂ_ﬁr__.ﬂcn.-w_:_g ga—uo_ﬂw

o Ha

Fig. 1 :...._\»Qfﬂ.__
e the .._.v_tn Of carr

I ersand V' be thejr

tJue to the exiern

ihe n

-<a_.-
al magnetic fielg Ba ,.o__”“

VIRg Charge
¢ Carniers ﬁ—:z_
s 1orce wyl| be

(Paz)—

F=q(v«B) ()
For electrons ¢ = —e.v = v(=%)
and B =B(7)

F=—e[v(-x)xB(2))

=evB(-9) (2)

e AM_W. the electrons will suffer a downward force shown in

Fig. 2 : Downward force on electrons
Forholes q =+, v = v(X)
and B = B(z)
F=e[v(X)xB*(2)]

=evB(-¥) .(3)

i.e. holes will also suffer a downward force.
With electrons as a charge carriers the electrons will

pile up at the bottom of the bar and the top of the bar will
become positively charged due to lack of electrons. As a
result a transverse electric field E, called Hall field will be
produced which will oppose the downward movement of
electrons. In the steady state which is attained in a vary short
time, the downward force due to magnetic field will be
balanced by the upward force due to transverse electric field.
The electric field E, so developed will by in ( -y ) driection.
In the same way with positive charge carriers, they will

also be deflected downward and will pile up on the bottom of

the bar.

Fig. 3: Downward force on holes -
electric field E, willbe upward
gthe downward movement of positive

But now the transverse

(+y-direction) opposin o il

jeved when
\ o sad be achiev
charge carriers. Again & m_._n_.‘.wﬁ._.;: be balanced by the force

{ Engineering Phygsics

In steady siate

q(v < B) = qE,

E, =—(vxB)

= -vB(- X x %)

= vB(-y) (For electrons) (4)
and E, =-(vxB)

=-vB(-Xx¥)

=vB(+y) (5)

(For positive charge carriers)
Hall CoefTicient : Refer ro Short Answer Prob.l.

Prob.8 Explain what is ‘covalent bonding'. Explain
how the force of attraction between two atoms or ians as
those are brought closer. [R.TU. 2015/

%

oppositely
coulombic

m
-— —= +

the force due to magnetic

lantwin Fiald (Hall field)
R i B m mimmmn S

Fig. : General Shape of Bond

of the other atom which ook part in the ¢
can associate with
charge. The proportiona

Sol. Covalent bond : Refer ro Long Answer Prob l{a)
Variation in Force of Attraction

There is a force of attraction F_, set up between

charged ions which follows the well-known
relationship F, = K/a’, where a is the separation

distance between the two atoms.

e . e . e e

Bond length
Energy Curves for Covalens, lonic, or
Meaallic Boading

zinni_osnn-n_i.ﬂ.iﬂi,s 1s independent

jectron transfer and

o«!ﬁat.&.!%.ga_%
hry r._.-?.-nio:'ctﬂ
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Pmb.ll.. (ajeﬁne Sermi function and fermi energy.

(b) Explain with graph, the variation of Fermi
Sunction with temperature. [R.T.U. 2013]

OR

Define fermi function and fermi energy. Also, explain
with graph the variation of fermi function with
temperature. [R.T.U. 2015]

%;E
Sol.(a) Fermi Energy (Ep)

The fermi energy is a concept of quantam mechanics
usually referring to the energy difference between the highest
and lowest occupied single particle states in a quantam system
of non-interacting fermions at absolute zero temperature.

. In a system of fermions, such as electrons in a
metal, the energy separating the highest occupied
single-particle state from the lowest unoccupied
one. This definition is not sufficiently precise,
however, in many contexts, such as semiconductors,
and the term is used (often unwittingly) as a
substitute for the chemical potential.

2. The highest filled energy level at absolute zero for
a fermion is called the Fermi level. All energy levels

below this value are occupied, and all above this
value are empty. ’

Fermi Function

The distribution of electrons (position) in beta decay is
calculated from the weak interaction transition matrix using
plane wave functions for the electrons. However, electron
experience the Coulomb field of the nucleus, so the correct
distribution must be modified by the Fermi function, which
accounts for this effect.

Fermi Function is given as

I
F(E) =

E—E,)
kT

1+ exp(

Where E; is the fermi energy, k is Boltzmann’s constant
and T is the temperature.

Sol.(b) At T =0K,
for E<Eg F(E)=1 and
E>E,F(E)=0
This means that all the energy levels below the Fermi

energy, Er, are completely filled with electrons, whereas all
the levels above E; are vacant.

for

—&m)

ALT > 0K,

for E: EF’ F(E)——' l/2=05

At higher temperature, the probability of electrons
occupying Fermi energy state is 50%. From this, Fermi Energy
can also be defined as the energy at which the probability of
occupation of states is 0.5 or 50%. As the temperature js
raised, the electrons below E;: get thermally excited and move
above Ep to slightly higher energy states in metals.

The thermal energy at a temperature T is KT, where k
is Boltzmann's constant.

When  E=E; -kT,

1
= ———=0.73 2> 73%
F(E) T

of energy states are occupied by electrons. The
remaining 27% of energy states below Ep are vacant because
the electrons moved to states above Eg. This is verified below.

When E=E, +kT,

1
F(E) = m =027 ->27%
of energy states are occupied by electrons above E;.
Thus, in an energy span of 2k T, the probability of occupancy
of electrons falls from 73% to 27% around Eg. Fermi energy
for metals are about few electron volts. The thermal energy
atroom temperature 300 K is about 0.025 eV which is much
smaller than the Fermi energy for most of the metals.
Ao

tok—T=0K

o
L]

(w)

Fig. : Fermi distribution function (a) at absolute zero T =0 K, all the
energy states upto EF are fully occupied (b) at a higher temperature
T> 0 K (c) at very high temperature T >>> 0 K.

e

‘Prob.12 Obtain an expression for conductivity of Intrinsic

1 R.T.U. 2014/
type of semiconductor. /

#
Sol. Intrinsic or Pure Semiconductors -

Semiconductors in pure form are c:lleicliicz:ltr‘:;zi
semiconductor. For example, a crystal formled; syb; e
alone. The silicon atoms arrapgc lhemses '\:‘ i ovesdes ey
electron between the neighboring atoms u B




.. MODEL QUESTIONS.

I. SHORT.ANSWER TYPE QUESTIO“S AV — bounded volumme of the closed surface.
' - In other words the divergence of A at a given point L is

Prob.1 zjhar is divergence? the outgoing flux per unit volume as the volume decreases

~ { about L.

In mathematical representation,

Sol. Divergence : The direvergence of a vector field A is its

integral over the closed (bound) surface by an infinitesimal
OA., OA, OA,

volume divided by that volume as the volume shrinks to zero R "
ie. l Ox oy oz
| 4) A .ds where A , AJ, and A_are the components of vector A
- o . | I & " . . B -
divA !;i«'_'ﬂ AV in x, y and z direction respectively.
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Prob )\ _Whar is curl?

——

Sel. Curl : Let us consider a small contour S centred around
the pomnt L of interest such that S encloses a small area element

dS = ads  The unit vector » is in accordance with the sense

of traversing the contour S as shown. The curl of A at point L
s a vector along unit normal and 1s defined by the relation

:f Adl

Ll
,‘
>
[}
(]
=
=

= lim =
& 0 ds

S —
Probl3 Find V x .

(3) V(A+B)=V.A+VB

(4) The vector field whose divergence is zero is called
solenoid field.

Prob.6 With the field given by (z- x*)i - yj +sin(x)k,
where are there sources and where sinks?

Sol. Since the divergence is | — 2x, it is positive (points are
sources of arrows) when x < 1/2 and negative (all points are
sinks) when x> 1/2.

Il. LoNnGc ANSWER TYPE QUESTIONS

— -
Seol.

lx' y z
{ g O
V\rzzi y X
x

.| &
=X —
=0

The position vector r has no rotational component.
fere——— p—
Probd A circular coil is of 10 turns and radius Im. If a
current of 5A flows through it, calculate the field in

the coil from a distance of 2m.

fS—
Sel. Given : No. of tums n = 10, Current | = SA, length | =2m,

radiusr=1m
The Biot-Savart law formula is given by,

y.
o, 2md
4x r
Therefore,
. 2>mx10x5
g e mn i)
4= 1
=31416x107T

ProbS Write the properties of divergence?

e —

Sel. Properties of Divergence

(1) I produces a scalar field.
(2) The divergence of a scalar V, div V makes no sense.

Prgb. I/jcnve the Poisson’s and Laplace’s equauon JSor
electrostatic potential?

Sol. Poisson’s and Laplace’s Equation for Electrostatic
Potential : The relation E = ¢y can also be used when the
potential isknown throughout the region. nfortunately, quite
often neither the charge distribution nor the potential
distribution is known. There is, however, a wayout. Given the
elctrostatic conditions for charge and potential of some
boundaries one can solve, Laplace’s differential equation to
obtain g and V throughout the region. These are, the so-
called Boundary-value problems. Laplace’s equation appears
in such diverse fields of physics as g.avitation, magnetism,
theory of heat and as many other topics. Ours job now is to
obtain a suitable equation like Poisson’s or Laplace’s which
satisfy certain boundary conditions.

From the point from of Gauss’s law we have

¥D=p,
With B-cE
and E-_Vv

or [AVAV

For a homogeneous region in which e is constant.

For a homogeneous medium we get

V2V=&
€

This is the poisson equation.

S ————.
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That 1. & curl-free vector s irrotational  From Stoke's
theorer

Jit s i - fasm-o

Thuas, w an irrotational field A, the circulation of A
sround a closed path 1s sdentically zere This implies that the
lune meegral of A is mdependent of the chosen path Therefore,
an wvotational field 15 also known as @ conservarive field.
Examples of irotational fields include the electrostatic field
and the gravitatonal Nield In general. the field of gradiem V
(#or any scalar V) s purely irowational since

Vea(VV)=0
Thus. an wrotational Held A can ll\-\l_\r! he e\pr\.‘.\wd
wm terms of a scalar field V. that 15
vV =A=0
thenf Adl =0 and A = OV
For this reason, A may be called a potential field and V
the scalar potential of A
Properties af Carl :
111 The curl of a vector field is another vector field.
i2) The curl of a scalar field V, ¥ ~ V makes no sense.
(1) The divergence of the curl of a vector ficld vanishes,
thatis C (Ve A)-0
(%) The curl of the gradient of a scalar field vanishes, that
s ¥«PV=0

;I z the stohe's theorem?

—————
Sel. Steke's Theorem : Stoke's theorem enables us to
transform the surface mtegral of the curl of the vector field
A to the lime integral of that vector ficld A over the boundary
L of that surface and ve-versa

oS
-
— .
i N
\
r "1 “\\‘
| S
— Y Clowed path
\ # c
— -‘\ frr
METae \ — /
] S N /
e
d.
L4 ]

Statement :

The flux of the curl of a vector function A over any
surface S of any shape 1s equal to the line integral of the
vector field 5 over boundary C of that surface 1 ¢

,#CUI"A.&:IAJI‘ or ff’uﬁ.ﬁ:;ij
s C \ C

Proof :

Consider the arbitrary surface as shown in fig let us
divide the surface S bounded by closed curve C mito differennal
elements one of the element 1s dS For each such area we
form # Adl taking the contour direction 1o correspond with
the positive sense of dS. If the /™ cell has surface area as AS
and is bounded by the path C then

Ad = Ad =YV 5 AS
Jid-Thad -3

there is cancellation of the interior path, so the sum of
the line integrals around C, is the same as the integral around
the bounding curve C. Therefore taking AS —0 and
incorporate the definition of curl of a vector, we get

FAdi =[x A
[ * ]
which 1s Stoke’s theorem. =

—-@inv that Faraday'’s law of electromagnetic

= aB
induction expressed as V‘E=—}-.

Sol. Faraday's Law of Electromagnetic Induction : We
know that a current carrying conductor produces a magnetic
field. The reverse is also true, ie. a magnetic field also
produces a current, 1s a very important question [f we have a
steady magnetic field near a closed circuit (coil) no current s
produced. But if we have a varying magnetic field, this
produces a current m the nesghboring coil. This may be obtained
m several ways
() Time-varying flux linking & stationary closed circuit
loop.
{#) A time-varyng loop area i a static magnetic field
(W) A ume-varyiag loop arca in a ime-varying magnetic
field

The main point s that for a magnetic ficld 10 prodvce a
curvent in & loop, the corresponding magnetx Mux must change

=)

So. we cam write dows Faradey s low of
clectromagnets. inductzon @ the i e mg ey
“An elecrrommotree forc ewyf 1t v wp ™ 3 covell

when the magmersc flua |mesmg the oot 0 Cncmgped =
some momner the mognitude of tha eyl 1 proporeesl
to the me rate of change of faz lekoger wak the o
and the direction of the mduced e 1wk ov temde Mo
oppose the cawse”

This means that the derecticn of e nduced emf =
such that any curremt whach o prodeces emds W0 opgese e
change of flux that prodeces o (Lena's law

Farsday's law can now be wrmen as

de dw

\“ = e =-N -

Where N is the nomber of trms m e cotar md v s

the flux through cach ten. The aegatrve uign shorws thar the

mduced voltage acts m such 3 way as 0 oppose The fax
producing it (Lenr's law)

We consider the cases (i), (1) and (i) separanely

(i) Time-varying Mux linkisg s uatienary desed cremit
Noop (transformer emf) : For a corcut wwh & smgle wm
(N=1)eg (1) becomes

, 4
\_':—Ib n
= dw d i o
- \_:}E.ﬂ:-:z-;}u 5

Here S s the surface area of the corves bounded by
the closed path L, and flox per smit turm s grven by

v=j'§d$
]
One notices from eg (] ) that = & teme-varymy, ssustoe

electric and magnetic fieids are both presess and relsssd o
each other Thes emf [eg (7)) & aise referved o a3 rensformer

emf in power analywss
So. we get
. L
V_ = pbES =4 :
- pa- 3
Using Stoke s theorem we gt
’.l‘;-F'AlIE‘ i
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W=
- &

A6)

This 15 one of Maxwell's equations for time-varying

Smee Vb =0 E 13not conservative

ve the Maxwell's equations in integral and
differential form?
T ———
Sal. Maxwell’s Equations : Maxweil's equations are a set
of four partial differential equations that relate the electric
and magnetic ficlds to their sources, charge density and current
density. These equations can be combined 10 show that light
8 a0 clectromagnetic wave. Individually, these equations are
known as Gauss's law for electrostatics, Gauss's law for
magaetism, Faraday's law of induction, and Ampere's law
with Maxwell'y correction. The set of equations is named
ufier James Clerk Maxwell

These four equations, together with the Lorentz's force
law are the complete set of laws of classical
electromagnetism

These equations describe the electric and magnetic
fields arising from varying distributions of electric charges
and currents, and how those fields change in time. Maxwell's
Own contribution if just the last term of the last equation, but
realizing the necessity of that term had remarkable
consequences. It made evident for the first time that varying
electric and magnetic fields could feed off each other. These
ficlds could propagate indefinitely through space, far from
the varying charges and cucrents where they originated.
The Maxwell's equations are :

1
1

3
_.,ll.. Ampere’s Law plus Maxwell's Displacement Current
1. Maxwell's First Equation

Gauss's Law for Electric Fields

Gauss's Law for Magnetic Ficlds
Faradey 's Law of Magnetic Indyction

Maxwell's first equation s based on Gauss's law for
ehocirsc fieid Accordmng 1o this law, total electnic flux passing
through & closed surface S i vacuum 11 equal to the product
of totsl charge (Q) comamed msite and 1/,

o

\e 3.%_,..»5 s

[S

for mediam
ebEm=2
om-hmmnn = 0

If charge inside the closed surface is continucusly
distributed and p is charge volume density, then we can write
Q=
_\ pay i)
From equation (1) and (2)

@mn.num?_i

S v | 3

This is integral from the Maxwell's | equation.
Using Gauss’s divergence theorem

%m.m-.u_ﬂamﬁe.
5 v
So, equation (3) can be written as
SO
Tqu?u;o%
v €y

—
=

[VE=p/elor|divE=p/e

This is differential from of Maxwell's | equation.

(4)

1f medium is homogeneous and isotropic, then
VieE)= P

—

= VD=pl

Al -A5)
where 5 =¢ £, 18 calied displacement vector.  ...(6)
For frec space p=J = 0
then Maxwell's | equation becomes

%um da =0 (7
= VE=0 (8)
or VE=0 (9)

2. Maxwell's Second Equation

© Maxwell's second equation is based on Gauss's law
for magnetic field. According 1o the law, net outgoing magnetic

flux from any surface is always zero. This is due to fact that
magnetic field lines always from closed loop

(Emring P

Le.

$=0 (1)
= _m Bda -0 A
This is integral from of Maxwell's 11 equation
Using Gauss’s divergence theorem

—wnﬂ = .?n—_t_wxf_.

5 v
= ﬂn_l_am" or .M.«lmlu|m._ {12)

This is differential from of Maxwell's 11 equation

This equation prove theoretically that magnetic

monopole does not exist in nature

3. Maxwell's Third Equation

Maxwell's third equation is based on Faraday’s law

for electromagnetic induction According to the law, whenever
magnetic flux linked with a circuit changes, an e..f is induced
in the circuit and this induced e.m . is directly proportional to
the rate of change of magnetic flux linked with the circuit,

According to Lenz's law, it's direction is always

opposite Lo the change responsible for it's production

em.f

: )
Le nn.nlc.mﬁ . 13)

Since, line integral of electric field is also equal to the

b nuM*&w (14)
and we know that magnetic flux
4y =PBda
» m A15)
o i Q¢ -
So. w‘_‘&. ..IM;E» 16

o A4 P (17
P 3 v

This is integral from of Maxwell’s {11 cquation
Using Stroke’s curl theorem

$Ear- 4(VxE)da

B
ey - wow
s Fvefide m...w da (t
R N P RO 120y
i , —. .

L

This s differental from of Maxwefi s (H equation
For static fiedd (w.r1 tune) ce for

R o
— afn e (21)
K &

= Vxt=0

= %.ﬂ dr=0
5

£22)

- 2N
4. Maxwell's Fourth Equation

Maxwell's fourth equation 1s based oa Ampere’s
circuital law. According 1o the law, ling integral of magnetic

field over a closed path is equal to m times the net current
passes through the closed path

‘e .%;w dr = u%1
<

{24}
If current density s j , then Ii = %.- da ~425)
s
. B.ds » uf 1 da
So, % J tm i26)
From stroke’s curl theorem
%Fww_..n.%_«ﬂ.-m:.m ‘.N.J
& L]
On comparing equation (26) and (27), wo e
VaBopl ~42%)

But, there s an inconsistency @ this law, as taking
divergence both side of

this cquation, we get
ViVaB)= uv 31 3

But. we know that divergence of curl of & vecwor is
always rern, e C{Cxfy=0

vl

n
= {

M




E=)—

But, from continuity equation

A
J+ = 0 (31
On comparing equation (30) and (31), we can say that

Ampere’s law is valid only for steady current, i.c.

for which
p = 0 or constant such that

®_,

&t ..(32)

We can also say that Ampere’s law relates magnetic
field to the steady currents. While for the current, produces
due to change in electric field wir.t. time, this law is not valid.

But Ampere's law should be valid for both steady and

non-steady currents, otherwise it is contradiction of continuity
equation.

Maxwell removed this inconsistency by giving a
suggestion that total current density j can be considered as
made of two type of currents; free current density Jg, which
comes from motion of free charges and displacement current

density J,, which comes from the change in electric field

i b
w.rt, time. % wM. ilu\MW\
ie. J=J.+], \r&\ +(33)
equation (7.100) now, becomes
VxB=p(;+1y) -(34)
Again, taking divergence both sides, we get
V(VxB)= (VI +V.J,) ..(35)
= VI +VI=0
v, =-vJ; ..(36)
But, from continuity equation
vi; % (37
at
B 3
o W= me -(38)
On comparing equation (36) and (38), we have
-
V]y=— (39
47 at

= V= mﬂ%ﬁd.ug (using Maxwell’s | equation)

..(40)
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= I u.m% .A41)

Thus, after Maxwell’s modification, equation (26)
becomes

Bdr= E%mq +Jgda
s

.(42)
c
— -~ 8DY—
= %n Bdr= t.%m Je+ & .da .(43)
This is integral from of Maxwell’s IV equation.
using Stoke’s curl theorem
nw.m = mmmeqx B)da T LL(44)
So, equation (40) becomes
S = @D\
ﬁ? % B)da = Fr? + ML_%
= L
or -.(45)

This is differential form of Maxwell’s IV equation. If
implies that an electric field that changes in time that is current
is effective in generating a magnetic field that changes in
space.

Prob.11 Explain displacement current in briefly?

Sol. Displacement Current
4 I

Fig.

We consider a parallel combination of a resistance and
a capacitor. If we apply voltage V to such a circuit current,
current flowing through resistance is given by
v

==

R

Engineering Physics

In this case there is actual charge motion and so it is
called conduction current. Density of this current

(conduction current per unit mqa& is referred to as 'conduction

current density J7. The current flowing through the capacitor
is given by

=R
<t

But Q=CV !

dVv
A l=CZt
dt
1.does not imply actual motion of charges. The current
flows through the capacitor only when the voltage is changing.
The current flowing out from one plate is equal to the current
flowing into the other plate. This is 'displacement current’ 1.
The displacement current per unit area is called the
'displacement current density' J ..
dv

1,=1,=c5 0]

Here, C = capacitance of parallel plate capacitor
€A ' "
=g

where A = area of plates
€ = permittivity of medium

d = spacing between the plates or thickness
of dielectric

E = electric field intensity across the
capacitor,

E=

al<

s+ Eq.(i)gives us

. dV eAdV eA( .dE dE
Y B et
% d m did g

But @Hmm -
I, _dD
) A t 4
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Probi2 Write short note on Bior-Savart Law.

Sol. Biot-Savart Law : As we know that magnetic field is

produced by the motion of electric charges or electric current.

Biot-Savart law gives this relation between current and

magnetic field. It relates the magnetic field to the magnitude,

direction, length, and proximity of the electric current.

Let a certain conductor be carrying a current ‘I’ in a
direction on the figure. Let P’ be the point where the magnetic
field due to the wire is to be studied. Let a small portion be
considered which is of length *dl’. Let the line joining *d\’ and
point ‘P* from an angle 6 with the tangent to *dl’.

dl dB

Fig.

Since the portion considered is very small, the magnetic
field given by it at point P will also be small. By experimental
observations and empirically also, dB is found to depend on
several factors.

(i) Here dB is the measurement of magnetic energy which
arises from the electrical energy represented by | which
act respectively as output and input. Therefore they
should have direct dependency i.e.

dB ec |

(i) In a certain length of a conductor, certain amount of
charge is present at a moment and the magnetic effect
it can produce depend on the total number of charges,
which in turn depend on the length consider, i.e.

, dBecdl



